BINDING  LIST  JUL  1    Ml 


id. 

JAN.   to   DEC, 


r-   ^ 


1920. 


W 


ILLUMINATING 
ENGINEER 


rn 


LEON     CASTEPw 


/6/-  VW/i/. 


THE    JOURNAL   OF    SCIENTIFIC 
ILLUMINATION. 

OFFICIAL    ORGAN     OF    THE 

3lluminatind   Engineering  Society. 

(Founded  in  London  1909.) 


//6  a   Copy. 


VOL.   XIII.  ,«?- 


/ 


JAN.  1920  to  DEC.  1920 


ILLUMINATING     ENGINEERING     PUBLISHING    COMPANY.     Ltd. 

32.  Victoria   Street.  London.   S.W.  i 

Tel    No.    Victoria    52  15.) 


Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 

University  of  Toronto 


http://www.archive.org/details/lightlighting13illu 


AUTHORS    INDEX. 


A  PAGE 

Anderson,  A.,   on  Gas-filled  Lamps   with 

Opal  Glass  Bulbs 230 

Armitage,  R.,  on  Lighting  Conditions  in 

Mines . .  . .  . .  . .  . .       84 


Baker,    Miss   F. 
Appliances 

Barber,   Capt. 
velopmexts 
Outfits     . . 


B 

E.,    on   Colour- Matching 


Cave  Brown  Cave,  T.  R.,  on  Motor  Car 

Headlights 
Cooper  Key,  Major  A.,  on  Safety  Condi 

tions  and  Portable  Cinema  Outfits 
Cortez-Leigh,  Lt.-Col.  F.  A.,  on— 
Motor-Car  Headlights 
Church  Lighting 
Court,  Sir  Josiah,  on  Lighting  Conditions 

in  Mines,  and  Miners'  Eyesight 
Cridland,  B.,  on  Lighting  in  Mines 
Crowley,  J.  F.,  on  Colour  Matching 
Cunnington,  A.,  on  Motor  Car  Headlights 


43 


.1.    W.,  on  Recent  De- 
in      Portable     Cinema 

179,  187 

Bawtree,  A.  E.,  on  a  Colorimeter  . .  . .        43 

Benford,  F.  A.,  on  Testing  Coefficients  of 

Diffuse  Reflection 
Berry,  Sir  Geo.  A.,  on  Lighting  Conditions 

in  Mines,  and  Miners'  Eyesight 
Bishop  Harman,  N.,  on  Lighting  Condi- 
tions in  Mines,  and  Miners'  Eyesight  . . 
Blok,  A.,  on  Portable  Cinema  Outfits     .. 
Bragdon,  E.  L.,  on  Opportunities  for  the 
Illuminating    Engineer   in   the    Cinema 
Industry 
Buchanan,  Dr.  L.,  on  Lighting  Conditions 

in  Mines,  and  Miners'  Eyesight 
Bush,  W.  E.,  on- 
Artificial    Lighting    of    Churches 
Progress  in  Lighting 
Butler,  R.,  on  The  Protection  of  the  Eye 

in  Welding  Operations 
Butler,  T.  H.,  on  Lighting  Conditions  in 
Mines,  and  Miners'  Eyesight 


214 

97 

96 
185 


30 


102 


158 
279 


229 


90 


126 

184 

125 
158 

98 

94 

44 

126 


Darch,  J.,  on — 

The      Artificial      Lighting      of 

Churches 142,  162 

A  Short  History  of  Church  Lighting  201 

Davis,  Dr.  D.  L.,  on  Lighting  Conditions 

in  Mines,  and  Miners'  Eyesight  . .          . .  88 

Dow,  J.  S.,  on — 

Portable  Cinema  Outfits       . .          . .  185 

The   Artificial   Lighting   of   Churches  161 

Colour  Matching           . .          . .          . .  54 

Dudding,  B.  P.,  on  Motor  Car  Headlights  120 

Dumont,  H.  S.,  on  Motor  Car  Headlights  128 


Eastman,  K.  O.,  on  A  Survey  of  Industrial 
Lighting  in  Fifteen  States  ..  ..      131 

Elvy,  J.  C,  on  Portable  Cinema  Outfits  . .      185 

Elworthy,  H.  S.,  on  Lighting  Conditions 
in  Mines,  with  Special  Reference  to 
Miners'  Eyesight  ..  ..  80,216 

Elyard  Brown,  D.,  on  Motor  Car  Headlights    1 22 


Fletcher,  G.  K.,  on  The  Artificial  Lighting 

of  Churches 
Fudge,  E.,  on  Lighting  Conditions  in  Minos 


Gamble,  C.  W.,  on  Projection  Screens  for 

Cinema  Work 
Gardner,  Prof.  W.  N.,  on  Lamps  for  Colour 

Matching 
Gariel,  Prof.  C.  M.,  on  Chevreul's  Work  on 

Colour 
Garrard,  Major  A.,  on  Motor  Car  Headlights 
Gaster,  L.,  on — 

Editorials     1,  25,  61,  109.  137.  169, 
221.  241. 
Church  Lighting 
Colour    Matching    by    Natural    and 

Artificial  Light 
Industrial  Lighting  as  an  aid  to  Mass 

Production 
Illumination  of  Factories  and  Work- 
shops 
Lighting  as  an  Aid  to  Safety 
Lighting  Conditions  in  Mines 
Motor  Car  Headlights  . .  125, 

Progress  in  Industrial  Lighting 
George,    J.,    on    Lighting    Conditions    in 

Mines 
Goodenough,  F.  W.,  on — 

The   Artificial  Lighting   of  Churches 
Gas    in    Relation    to    the    Housing 

Problem 
Opportunities     and     Obligations     of 
Public  Service 
Goodwin,    F.    R.,    on    Portable    Cinema 

Outfits 

Grills,    E.    R.,    on    Colour    Matching    by 
Natural    and   Artificial   Light 


Hailwood,  E.  A.,  on  Lighting  Conditions  in 
Mines 

Haldane,  J.  S.,  on  Lighting  Conditions 
in  Mines 

Halvorsen,  C.  A.  B.,  on  Street  Lighting 
with  Low  Mounted  Units 

Hansen,  Dr.  J.  E.,  on  a  Convenient  Arm- 
chair Lighting  Unit 

Hare,  Sir  Lancelot,  on  Motor  Car  Head- 
lights .  .  •  .  «  •  •  •  t  : 


216 

85 


194 

49 

130 
123 

197. 
261 
161 

48 

133 

250 

251 

96 

177 


157 
283 
285 
184 
49 

85 

83 

211 

165 

124 


AUTHORS      INDEX     OF     VOL.     XIII. 


PAGE 

Harford,  Dr.  C.  E.,  on  Miners'  Nystagmus       90 
Harrison,  W.,  on — 

The  Maintenance  of  Lighting  Systems     164 
The   Relation    between    Illumination 

and  Output 213 

The  Standardisation  of  Reflectors  for 
Industrial  Lighting  . .  . .     253 

Herbert,    G.,    on    Colour    Matching    by 

Natural  and  Artificial  Light     . .  . .       44 

Howells,  Capt.  W.  A.,  on  Th*  Art  of 
Camouflage        . .         . .         . .  5 

I  and  J 

Igari,  M.,  on  Spherical  Reduction  Factors 
of  Incandescent  Lamps  . .  . .     278 

Jennings,  A.  S.,  on  Colour  Matching  by 
Natural  and  Artificial  Light  . .       44 

Joel,  H.  F.,  on  Lighting  Conditions  in 
Mines         102,  216 


Kendall,  J.  Murray,  on  The  Art  of  Camou- 
flage   13 

Kerr,  Dr.  J.,  on  Portable  Cinema  Outfits     184 


Lamplough,  F.  E.,  on  Colour  Matching  by 

Natural  and  Artificial  Light 
Langlands,  S.  B.,  on  The  Gas  Regulation 

Act  

Langton  Cole,  W.  R.,  on  Church  Lighting 
Little,  W.  E.,  on  Automobile  Headlight 

Regulations 
Llewellyn,   T.   L.,   on  Lighting   Con- 
ditions in  Mines  with  Special  refer- 
ence to  Miners'  Eyesight   . .  67,  106 
Lessing,  Dr.  R.,  on  Colour  Matching  by 

Natural  and  Artificial  Light 
Luckiesh,  M.,  on — 

The    Visibility    of    Aeroplanes    and 

Objects  seen  from  above 
Colour    Matching    by    Natural    and 

Artificial  Light 
Artistic  Aspects  of  Domestic  Lighting 


46 

232 
160 

129 


48 


14 


51 
234 


M 

Macbeth,    N.,    on    Colour    Matching    by 

Natural  and  Artificial  Light  . .  . .        54 

Martin,  L.  C,  on  Colour  Matching  by 
Natural  and  Artificial  Light         . .       3 1 

Moore,  Capt.  E.  H.,  on  The  Art  of 
Camouflage  . .  . .  . .  . .       13 

Moore,  D.  McFarlan,  on  Gaseous  Con- 
duction Light  from  Low  Voltage  Circuits     225 

Murphy,  F.  H.,  on  The  Industrial  Lighting 
Code  of  Oregon 273 

N 

Nettleton,  S.,  on  Lighting  in  Mines        '  . .        98 
Newton,  F.,  on  Motor  Car  Headlights  ..      124 


Oday,  A.  B.,  on  Street  Lighting  with  Low- 
Mounted  Units     ..  .,  ,.  ..211 


Parnacott,  A.  E.,  on  Motor  Car  Headlights     126 
Parsons,   J.    Herbert,   on   Lighting   Con- 
ditions in  Mines,  and  Miners'  Eyesight       96 
Pass,  V.  V.,  on  Miners'  Lamps     . .  . .       91 

Paterson,    D.,    on    Colour    Matching    by 

Natural  and  Artificial  Light      . .  . .        51 

Percival,  C.  S.,  on  Lighting  Conditions  in 

Mines,  and  Miners'  Eyesight     ..  ..      1"«' 

Pooley,  G.  H.,  on  Lighting  Conditions  in 
Mines,  and  Miners'  Eyesight     . .  . .        93 


Ridley,  E.,  on  Portable  Cinema  Outfits  . .  185 

Ritchie,  T.  E.,  on  Church  Lighting         . .  158 
Roberts,    A.     L.,    on    Portable    Cinema 

Outfits 186 


Salsbury,  H.,  on  Motor  Car  Headlights  . .  123 
Sayer,  Miss  E.,  on  Lighting  Conditions  in 

Mines,  and  Miners'  Eyesight     . .  . .        94 

Sharp,  C.   H.,  on  Automobile  Headlights 

Regulations  . .  . .  . .  1 29 

Shepherd,  C.  H.,  on  Records  of  Lamps  used 

in  Parks 18 

Sheringham,  G.,  on  Colour  Matching  by 

Natural  and  Artificial  Light     . .  . .        47 

Shufflebotham,  F.,  on  Lighting  Conditions 

in  Mines    . .  . .  84 

Stassen,    Dr.    M.,    on    the    Influence    of 

Lighting  on  the  Eyesight  of  Workers  in 

Coal  and  Metalliferous  Mines  . .  . .      103 

Stroude,  Capt.  E. ,  on  Motor  Car  Headlights  118 
Sutcliffe,  J.   H.,  on  the  Use  of  Artificial 

Daylight  in  making  artificial  eyes       . .        45 


Taylor,   A.    H.,   on   The   Measurement  of 

Coefficients  of  Diffuse  Reflection  .  .      265 

Thompson,  H.  H.,  on  Motor  Car  Headlights     126 
Trotter,  A.  P.,  on— 

The  Art  of  Camouflage  . .  . .       13 

Colour    Matching    by    Natural    and 
Artificial  Light         . .  . .  . .       46 

Tye,  L.  M.,  on  Motor  Car  Headlights      . .     125 

W 

Wallace,  W.,  on  Colour  Matching  by 
Natural  and  Artificial  Light     . .  . .        45 

Walsh,  J.  W.  T.,  on  Motor  Car  Head- 
lights in  Relation  to  Traffic  Re- 
quirements        ..         ..         ..        114,  128 

Welch,  A.  P.,  on  Lighting  Conditions  in 
Mines,  and  Miners'  Eyesight   . .  . .       96 

Whitehead,  A.  L.,  on  Lighting  Conditions 
in  Mines,  and  Miners'  Eyesight  . .  . .       96 

Wilkinson,  N.,  on  The  Dazzle-Painting  of 
Ships  16 

Wilson,  Dr.  J.  A.,  on  Lighting  Conditions 
in  Mines,  and  Miners'  Eyesight  . .      101 

Worsnop,  C.  H.,  on  Motor  Car  Headlights     127 

Wyatt,  A.  W.,  on— 

The  Art  of  Camouflage         . .  . .        13 

Motor  Car  Headlights  ,,  .,      127 


SUBJECT    INDEX. 


Architectural    Features    as    an    Aid    to 

Lighting  (Editorial)        199 

Armchair  Lighting  Fittings.  A  Convenient 

Form  of    . .          . .          . .          . .          . .  165 

Artificial  Daylight  . .          . .          . .          . .  54 

Artificial  Sky  Stage  Lighting       . .          . .  233 

Automobile  Headlight  Regulations         129, 163 

B 


PAGE 

Editorials,  by  L.  G aster   1,  25,  61,  109,  137, 
171,  197,  221,  241,  261 

Electricity,  Use  of,  in  Gas  Works          . .  286 

Eyesight  of  Printers,  The  Care  of  (Edi- 
torial)       . .          . .          . .          . .          . .  28 

Eyestrain  in  Cinemas,  Report  of  the 

Joint  Committee  on    . .         . .         . .  189 

Eyestrain  in  Cinemas  (Editorial)            . .  172 


Blindness,   Committee   for  Prevention   of     248 
British  Industrial  ''Safety  First"   Asso- 
ciation, The  ..  24,  235.  251.  290 


Calorific  Value  of  Gas,  and  the  Efhciencv 

of  Gas  Burners 252,  285 

Camouflage,  The  Art  of,  by  Captain* 
A.  W.  Howells  . .  . .  . .  . .         5 

Camouflage,  The  Art  of  (Editorial)  . .         4 

Churches,  The  Artificial  Lighting  of, 
by  J.  Darch        . .  . .  . .  . .      142 

Church  Lighting,  A  Short  History  of,  bv 

J.  Darch 201 

Church  Lighting  (Editorials)         . .         137,  200 
Church  Lighting,  An  Interesting  Installa- 
tion   277 

Cinema     Portable     Outfits,     Recent 
Developments  in,  by  Captain  J.  W. 
Barber     . .         . .  . .         . .     179 

Cinema,  Portable  Types  of  (Editorial)   . .      171 
Cinema  Projection  Screens  . .  .  .      194 

Cinema,  Use  of,  for  Teaching  Citizenship     188 
Cinema  Theatres,  Eyestrain  in    .  .         172,  189 
Coefficients  of  Diffuse  Reflection,  Measure- 
ment of 214,263,265 

Colour,   Apparatus  for  the  Analysis  and 

Study  of  (Editorial)        27 

Colour,  Chevreul's  Work  on  . .  130 

Colour    Matching    by    Natural    and 

Artificial  Light,  by  L.  C.  Martin  . .       31 
Colour  Matching  (Editorial)  . .  . .       25 

Correspondence  : — 

Lighting  Conditions  in  Mines  . .     215 

The  Artificial   Lighting  of  Churches     217 

Czecho-Slovakia.  A  Visit  to  (Editorial)  ..      140 


Dazzle-Painting  of  Ships,  The     . .  . .        16 

Department  of  Scientific   and  Industrial 

Research,  The   24,  59,  218,  235,  255,  259.  296 
Domestic  Lighting,  Artistic  Aspects  of  . .     234 
Domestic  Supplies,  Distribution  pressures 
'for . .  . .      256 


Factories,  Annual  Report  of  H.M.  Chief 
Inspector  of         . .  . .  . .  ■ •      249 

Factories     and     Workshops,     Artificial 

Illumination  of    .  .  ..  ..  25i» 

Factory   Lighting,    Home    Office   Depart- 
mental Committee  on    . .  . .  .  •     276 

Factory  Lighting,  Code  for  Oregon  . .     273 


Gas,  Influence  of  Quality  of,  on  Burners  252 
Gas  in  relation  to  the  Housing  Problem  . . 
Gas  Showrooms,  The  Design  of  . . 
Gas  Companies,  The  Obligations  of 
Gaseous  Conductors  as  Sources  of  Light 

(Editorial) 

Gaseous    Conduction     Light     from    Low 

Voltage     Circuits,     by     D.     McFarlan 

Moore 
Gas-Filled  ("  Half- Watt  ")  Lamps,   Tests 

of 

Gas-Filled    ("  Half- Watt  ")    Lamps    with 

Opal  Bulbs  

Gas  Fittings  in  New  Houses 

Gas  Lighting  of  a  Boot  Factory,  The 

Gas  Lighting  in  Westminster 

Gas  Lighting  on  an  L.C.C.  Estate 

Gas     Mains,     Method     of     Illuminating 

Interior  of 
Gas  Regulation  Act,  The 
Glare,    Minimum    Value    of,   in    Interior 

Lighting 
Glare,  Measurement  of 
Glasgow  Lighting  Association,  The       108, 
Glassblowing  Works,  The   Use  of  Green 

Light  in    . . 
Glass  Top  Metal  Reflectors 


I 


285 
283 
285 

285 

223 


225 

233 

23(" 
282 
293 
294 
284 

231 

232 


229 
178 


282 
236 


Illuminating  Engineering  Departments 
and  Public  Service  (Editorial)  .  .^         . .     261 

Illuminating  Engineering  Society  (U.S.A.), 
Fourteenth  Annual  Convention  . .     232 


SUBJECT     INDEX     OF     VOL.     XIII. 


Illuminating  Engineering  Society 

(Founded  in  London,  1909) 

Accounts  of  Meetings,  and  Notices 

of  New  Members    5,29,65,113,141,  173 
The  Art  of  Camouflage,  by  Capt. 

W.  A.  Howells,  O.B.E 5 

Colour  Matching  by  Natural  and 
Artificial  Light,  by  L.  C.  Martin 
Lighting  Conditions  in  Mines,  with 
Special  Reference  to  the  Eye- 
sight of   Miners,    by    Dr.    T.    L. 
Llewellyn- 
Motor  Car  Headlights  and  EIear- 
i.ichts    in    Relation   to   Traffic 
Requirements,  by  J.  W.  T.  Walsh 
The  Artificial  Lighting  of 
Churches,  by  .J.  Darch  .. 
Report  of  the  Council  for  the 
Session  (Nov.  1919— May  1920). . 
Recent  Developments  in  Types  of 
Portable    Cinema    Outfits,    by 
Capt.  .J.  W.  Barber,  C.B.E. 
Report   of   the   Joint   Committee 
"v  Eyestrain  in  Cinem\s 
Illumination  and  Safety    ..  ..241,251,254 

Industrial   Lighting  as   an   aid   to   Mass- 
Production 
Industrial    Lighting, 

Fifteen  States 
Industrial    Lighting 
U.S.A..  The 

relation  to  Efficiency 


A    Survey    of,    in 
Code    for    Oregon, 


:;i 


67 


114 


142 


175 


179 


189 


133 


131 

273 

Industrial  Lighting  in 

(Editorial) . ...  64 

Industrial  Lighting,  Progress  in  . .     275 

Industrial   Lighting,  Statistics  on   (Edi- 
torials) ..  ..         112,  197 
Industrial  Lighting,  Standardisation  of  . .     264 
Industrial  Lighting,  Reflectors  for  . .     253 
Industrial  Machinery,  Special  Problems  in 

the  Lighting  of  (Editorial)        . .  . .      221 

Interior  Lighting,  Standards  for..  ..     275 

Institute  of  Physics,  Foundation  of  a     . .      134 


L.C.C.  Estate,  The  Lighting  of  a..  ..  281 

Lighting,  Cost  of,  in  relation  to  Output  . .  231 
Lighting  in  relation  to  Health  and  Safety 

(Editorial)  241 

Lighting,  Progress  in  . .  . .  . .  279 


M 


Maintenance  of  Lighting  Systems,  The  164,  284 
Manchester  University,  Appeal  for  Funds  134 
Mercury    Vapour   Lamp    for   Alternating 

Current,  A  195 

Mines,  Illumination  of,  and  Miners'  Eye- 
sight (Editorial)  62 

Mines,  Lighting  Conditions  in,  with 
Special  Reference  to  Miners'  Eye- 
sight, by  T.  L.  Llewellyn  . .  67,  106 


Motor  Car  Headlights  in  relation  to 
Traffic  Requirements,  by  J.  W.  T. 
Walsh 114 

Motor  Car  Headlights  and  Traffic  (Edi- 
torial)          109 


National  Illumination  Committee,  The    . .      174 

National  Physical  Laboratory,  Report  for 

1919 212 

National  Physical  Laboratory,  Arrange- 
ments for  Volumetric  Testing  at         . .        24 

Nela  Research  Laboratory,  Reorganisation 
of 231 

Neon  Lamps,  Low  Voltage  Types  of       . .     228 


Obituaries  : — 

Comm.  Ing.  L.  Pontiggia     . .  .  .       30 

Mr.  G.  M.  Light         163 

Dr.  W.  P.  Nuel  248 

Optical  Test-charts,  Standard  Methods  of 
Lighting     . .  . .  . .  . .  . .     250 

Oregon,  Industrial  Lighting  Code  for     . .      273 
Output  and  Illumination.  Relation 
between     •  •         •  •         • •         •  •         •  •     213 

Output    by  Natural  and  Artificial   Light 
in  the  silk  weaving  Industry   . .  . .      245 


Paint,  Diffusion  of  Light  by          . .          . .  21 

Parks,  Records  of  Lamps  used  in  . .  18 

Personal  Notes        66,  L63,  290 

Physical  and  Optical  Societies,  Annual  Ex- 
hibition     . .          . .          . .          . .          . .  17 

Prague  and  Czecho-Slovakia,  Some  Im- 
pressions of          . .          . .          . .  210 

Progress      in      Lighting      during      1919 

(Editorial) .".          ..  1 

Public    Service,    the    Opportunities    and 

Obligations  of                 . .          . .          . .  285 

Pulpit  Lighting  in  Churches         . .          .  .  155 


Radiation  from  a  Perfectly  Diffusing  Disc  252 
Reflection  Coefficients,  Testing  of  214,  263,  265 
Reviews  of  Books  and  Publications 

Received.  .  . .  22.  60,  168,  217.  239 

Rotating  Arc  for  Optical  Projection,  A  . .  214 
Royal  Institute  of  Public  Health,  Brussels 

Congress   (Editorial)       . .  . .  . .     139 

Royal     Sanitary     Institute,     Thirty-first 

Congress    . .  . .  . .  . .  . .      178 

Royal   Society    of    Arts,    Programme    of 

Lectures  for  Session        . .  . .  . .     272 


"  Safety  First  "  Congress,  The  First     . .      251 
Scientific  and  Industrial  Research   (Edi- 
torial)        . .  . .  . .  . .  . .     244 


SUBJECT     INDEX     OF     VOL.     XIII. 


Searchlight  Mechanisms,  Recent  Progress 

in    . . 
Self-Cleaning   Lighting  Fixture,   A 
Sheringham  Daylight,  The 
Silk  Weaving  Industry,  Illumination  and 

Output  in  (Editorial) 
Silk    Weaving    Industry,    Output    in    by 

•Natural  and  Artificial  Light     . . 
Silent  Aerated  Flames 
Slough  Motor-Repairing  Depot,  Lighting 

of 

Specular  Reflection  from  Rough  Surfaces 
Spherical   Reduction    Factors    of    Incan 

descent  Lamps 
Squares  and  Public  Places,  The  Lighting 

of . 

Standard    Surfaces   of  Graded  Reflecting 

Power 
Standardisation  of  Reflectors  for  Industrial 

Lighting 
Standards  for  Industrial  Lighting. . 
St  reet  Lighting  in  the  West  End . . 
Street-Lighting  and  Motor  Traffic   (Edi 

torial) 
Street  Lighting  with  Low-Mounted  Units 


228 

234 

37 

243 

245 
286 

287 
18 

278 

224 

268 

253 

275 
294 

111 
211 


Time-Tables    at    Railway    Stations,    Illu- 
mination of  . .  . .  . .  . .      272 

Topical  and  Industrial  Section  19,  135,  ion. 
196,  219.  236,  257.  287 

U 

Ultraviolet    Light,    Use    of,    in    Treating 
Diseases  of  the  Eye       . .  . .  . .     272 


Visibility  of  Aeroplanes,  and  of  Objects 

Viewed  from  Above.  The  . .  . .        14 

Visibility  of  Radiation,  The         ..'        ..      278 

W 

Waterloo  Station,  Recent  Developments 
in  Lighting  at  . .  . .  . .     270 

Welding  Operations,  Protection  of  the 
Eyes  in 229 

Wisconsin,  Regulations  for  Motor-car 
Headlights  163 


NOTICE. 

Owing  to  the  great  demand  for  Back  Numbers,  the  cost  of  Vols. 
I.— XIII.  will  in  future,  and  until  further  notice,  be  20s.  UNBOUND, 
and  25s.  BOUND,  to  NON-SUBSCRIBERS. 

YEARLY  SUBSCRIBERS  and  MEMBERS  of  the  ILLUMIN- 
ATING ENGINEERING  SOCIETY,  however,  can  obtain  these 
volumes  at  a  cost  of    17s.  6d.   UNBOUND,  and   20s.    BOUND. 


Special  Cases  for  Vols.   I.— XIII.  of  "THE  ILLUMINATING 
ENGINEER"  will  be  supplied  at  a  cost  of  4s.  each  by 

THE   ILLUMINATING  ENGINEERING  PUBLISHING   CO.,   LTD., 

32,  Victoria  Street,  London,  S.W.I. 


VACHER    &.    SONS,    LTD. 

Westminster  House, 

Great    Smith  Street. 

S.W.I.  —86281. 


o 


o 


■s 


>e 


'U 


W 


ILLUMINATING 
ENGINEER. 


£>ojfecl-    />\'  ^ 


■G 


LEON      CASTER^  \>ffi 


THE  JOURNAL  OF  SCIENTIFIC 
ILLUMINATION. 

OFFICIAL    OKGAN    OF   THE 

Jlluminatina  EnatneertiiG  Society. 

(Founded  in  London,   1909.) 

ILLUMINATING  ENGINEERING  PUBLISHING  COMPANY    LTD. 

32.  VICTORIA  STREET,  LONDON.  S.W.I. 

Tel.  No.  Victoria  5215. 


EDITORIAL. 

Progress  in  the  Past  Year. 

It  has  been  our  custom  to  present  in  the  January  issue  a  review  of 
progress  during  the  past  year.  During  the  war  there  was  not  much  to  be 
recorded  on  such  occasions,  but  we  have  now  behind  us  the  first  complete 
year  that  has  elapsed  since  the  signing  of  the  Armistice,  and  it  is  of  interest 
to  take  a  general  review  of  developments  in  Illuminating  Engineering 
during  1919.  It  will  be  convenient  to  deal  first  with  progress  in  appliances 
for  producing  light,  secondly  with  their  useful  application. 

Progress  in  Lamps  and  Lighting  Appliances. 

To  some  extent  these  developments  have  been  already  noted  in 
the  Report  of  Progress  presented  at  the  opening  meeting  of  the 
Illuminating  Engineering  Society  last  November,  and  in  the  compre- 
hensive survey  made  by  the  Committee  on  Progress  in  Lamps  and 
Lighting  Appliances  on  that  occasion.  It  seems  clear  that  for 
some  years  to  come  makers  of  lighting  appliances  will  have  plenty 
to  do.  During  the  past  year  the  demand  for  special  war  purposes  has 
been  replaced  by  an  equally  insistent  demand  for  normal  applications 
in  the  service  of  peace.  Many  schemes  and  developments  held 
over    during    the    war    will    now    be    proceeded   with,   and   there   is   no 
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immediate  prospect  of  a  slackening  in  this  respect.  Similarly  the  depletion 
of  stocks  in  many  localities  abroad  should  stimulate  exports,  even  allowing 
for  the  formidable  competition  from  other  countries  and  the  difficult 
economic  position  at  the  present  time. 

Much  has  been  said  regarding  the  fuller  application  of  science  to 
industry  arising  through  the  needs  of  the  war,  and  it  must  be  freely  acknow- 
ledged that  in  many  cases  great  resource  has  been  shown  in  producing 
articles  manufactured,  either  not  at  all,  or  on  a  very  small  scale,  in  this 
country  in  pre-war  years.  We  believe  that  the  experience  so  gained  will 
be  valuable,  and  there  is  no  doubt  that  as  regards  many  articles  needed 
in  the  lighting  industry  the  facilities  for  manufacture  have  been  much 
extended.  But  it  remains  to  be  seen  how  far  articles  made  under  quite 
exceptional  economic  conditions  at  a  relatively  high  cost  and  in  insufficient 
quantities  can  now  be  manufactured  profitably  on  a  commercial  scale. 
So  far  as  the  ..manufacture  of  electric  lamps  and  gas  mantles  is  concerned 
there  has  been  undoubted  progress.  But  one  of  the  weakest  points  has 
been  the  sustained  difficulty  in  making  adequate  supplies,  of  good  quality, 
bulbs  for  electric  lamps,  and  glassware  needed  both  in  gas  and  electric 
lighting.  It  is  recognised,  however,  that  difficulties  were  imposed  on 
manufacturers  by  the  urgent  demands  for  other  forms  of  glassware  needed 
for  war  purposes.  In  view  of  the  important  developments  that  are  now 
taking  place  in  the  glass  industry,  and  the  reported  introduction  of  more 
efficient  methods  of  manufacture,  we  hope  that  expectations  of  an  early 
improvement  in  this  direction  will  be  realised.  As  regards  metal  reflectors, 
utilised  mainly  for  industrial  purposes,  the  prospects  of  completely  satisfying 
the  present  demand  seem  promising.  We  dwell  on  this  point  because  it  is 
obvious  that  the  general  application  of  correct  lighting  principles  is  entirely 
dependent  on  an  adequate  supply  of  globes,  shades  and  reflectors,  besides 
the  actual  sources  of  light,  being  available. 

In  the  war  period  there  was  naturally  little  leisure  for  manufacturers 
to  develop  radical  departures  in  illuminants  and  lighting  appliances.  Their 
attention  was  concentrated  on  meeting  the  urgent  demand  for  standard 

articles a  condition  that  was  general  throughout  the  world.     We  see  no 

reason  why  British,  manufacturers  should  not  ultimately  hold  their  own 
simply  on  the  basis  of  cheap  and  efficient  production.  But  it  is  obvious 
that  a  more  hopeful,  and  probably  less  harassing,  method  of  gaining  pre- 
eminence is  to  be  in  the  vanguard  of  scientific  discovery.  It  was  in  this 
way  that  the  unique  position  this  country  held  in  the  field,  of  artificial 
lighting  was  originally  established.  In  gas  lighting  the  lead  was  taken 
by  the  enterprising  encouragement  of  an  entirely  new  and,  at  that  time, 
almost  incomprehensible  principle  of  distribution  of  the  means  of  lighting 
through  piping — years  in  advance  of  other  countries.  In  electric  lighting 
Sir  Joseph  Swan's  discovery  of  the  incandescent  lamp,  only  paralleled 
by  Edison's  work  in  the  United  States,  secured  for  this  country  pre- 
eminence in  Europe. 

We  earnestly  hope,  therefore,  that  the  lessons  so  well  conveyed  at 
the  British  Scientific  Products  Exhibitions  of  the  last  two  years  will  be 
endorsed  by  firms  in  the  lighting  industry  ;  that,  during  the  next  few  years 
the  foundations  of  future  prosperity  in  the  lighting  industry  will  be  laid 
by  the  proper  development  of  scientific  research  ;  and  that  due  encourage- 
ment will  be  given  to  those  engaged  in  research  so  that  they  may  receive 
an  adequate  return  for  their  efforts  in  advancing  the  lighting  industry  in 
this  country. 
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Progress  in  Apparatus  for  measuring  Illumination. 

A  feature  during  the  past  year  has  been  the  interest  taken  in  apparatus 
for  measuring  illumination.  The  methods  used  in  the  special  instruments 
designed  by  the  Committee  of  the  Illuminating  Engineering  Society  for 
testing  flares,  parachute  lights,  etc.,  during  the  war  may  be  applied,  in  a 
modified  form,  to  ordinary  purposes.  A  new  form  of  instrument  was 
recently  shown  before  the  Society  by  Mr.  Haydn  T.  Harrison  on  November 
25th,  while  in  the  United  States  there  are  now  several  new  types  which 
have  come  into  use  since  the  outbreak  of  war. 

The  circumstances  in  which  apparatus  for  measuring  illumination  are 
applied  and  the  number  of  purposes  they  serve  are  now  so  varied  that 
there  is  room  for  quite  a  number  of  different  forms.  In  each  case  a  decision 
has  to  be  taken  as  to  the  relative  importance  01  accuracy  and  convenience. 
The  tendency  now  is  towards  the  design  of  very  simple  and  portable 
instruments,  in  some  cases  allowing  a  reading  to  be  taken  by  mere 
inspection  of  the  scale  without  moving  a  lever  to  obtain  balance.  Such 
types  form  a  valuable  supplement  to  the  more  precise  and  accurate  forms. 
One  might  suggest  a  rough  classification  into  "  illumination-photometers  " 
and  "  illumination-gauges,"  the  latter  serving  merely  to  enable  a  rough 
determination  of  the  order  of  illumination  to  be  obtained  with  extreme 
ease  and  being  suited  to  particular  problems.  For  example,  instruments 
for  use  in  accurately  determining  conditions  of  illumination  in  streets, 
factories,  picture  theatres,  mines,  etc.,  demand  qualifications  that  can  only 
be  met  by  a  very  comprehensive  form  of  apparatus  capable  of  adjustment 
according  to  the  problem  dealt  with. 

The  Study  of  Lighting  in  the  Public  and  National  Interest. 

We  lay  stress  on  the  importance  of  apparatus  for  measuring  illumination 
because  of  the  part  it  is  destined  to  play  in  recommendations  and  regulations 
made  in  the  public  interest.  A  marked  feature  during  recent  years,  and 
especially  in  1919,  has  been  the  growing  recognition  that  in  a  large  number 
of  cases  definite  recommendations  are  needful  for  the  convenience,  health, 
and  safety  of  the  public.  The  introduction  of  codes  on  factory  lighting 
in  a  number  of  States  in  America  has  greatly  stimulated  the  production  of 
instruments  suitable  for  measuring  industrial  illumination.  Similarly 
the  researches  of  the  committees  of  the  Illuminating  Engineering  Society 
dealing  with  lighting  on  railways  and  conditions  in  cinema  theatres  depend 
essentially  on  measurements  of  illumination. 

Other  matters  of  topical  interest  in  which  the  Society  is  concerned, 
such  as  lighting  conditions  in  mines  and  automobile  headlights,  again 
require  the  accumulation  of  illumination  data  before  definite  recommenda- 
tions can  be  made.  Again,  it  will  be  recalled  that  in  the  paper  on  "  Street- 
lighting  Reconstruction,"  read  by  the  author  before  the  Illuminating 
Engineering  Society  last  year,  one  of  the  chief  suggestions  was  that  a 
survey  should  be  made  of  the  conditions  of  illumination  in  various  classes  of 
streets  in  order  to  ascertain  to  what  extent  they  complied  with  the  require- 
ments under  the  draft  Standard  Specification  for  Street-lighting. 

All  these  are  instances  of  lighting  problems  which  come  under  the  direct 
notice  of  various  authorities.  In  many  cases,  too,  private  societies  and 
associations  can  do  a  great  deal  to  help.  We  should  like  to  mention 
especially  the  useful  work  of  the  British  Industrial  "  Safety  First  " 
Association  in  this  direction. 
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The  Art  of  Camouflage. 

In  this  number  we  are  presenting  the  lecture  delivered  on  the  above 
subject  by  Captain  W.  A.  Howells,  O.B.E.,  before  the  Illuminating 
Engineering  Society  on  December  16th,  and  also  (pp.  13-16)  recent  com- 
munications by  Mr.  M.  Luckiesh  and  Lt. -Commander  Norman  Wilkinson 
dealing  respectively  with  camouflage  from  the  standpoint  of  aircraft  and 
the  "  dazzle-painting  "  of  ships. 

The  whole  subject  is  one  of  great  interest  to  the  illuminating  engineer, 
including  as  it  does  problems  involving  both  physical  and  physiological 
considerations.  Captain  Howells,  who  confined  himself  to  the  camouflage 
of  stationary  objects  on  the  surface  of  the  ground,  insists  on  the  importance 
of  deception  rather  than  concealment.  It  is  practically  impossible  to 
conceal  completely  operations  covering  any  extensive  area.  Concealment 
might  have  been  possible  in  the  past,  but  the  whole  problem  is  altered  by 
the  far-reaching  development  of  observations  by  aircraft.  At  sea,  again, 
the  idea  of  trying  to  render  the  hulls  of  ships  inconspicuous  was  apparently 
abandoned,  and  later  developments  took  the  form  of  painting  them  with 
such  curious  patterns  as  to  mislead  hostile  vessels  as  to  their  nature  and 
course. 

One  very  interesting  point,  brought  out  both  by  Captain  Howells 
and  by  Mr.  Luckiesh,  is  the  difference  in  the  appearance  of  areas  covered 
by  vegetation,  or  otherwise  having  an  irregular  surface,  when  viewed 
respectively  from  the  ground  level  and  from  a  great  height.  Growing  grass, 
for  example,  when  viewed  laterally  appears  brighter  than  when  observed 
from  above,  often  the  fact  that  the  interstices  between  projections  are  in 
shadow.  In  general,  therefore,  areas  covered  with  vegetation  may  appear 
abnormally  dark,  whereas  smooth  ones  (well  trodden  roads,  for  example) 
appear  very  bright  and  well  defined  by  contrast.  Similarly  grass  that 
has  been  pressed  flat  or  trodden  down  appears  as  a  brighter  patch,  and  this 
effect  requires  to  be  very  carefully  guarded  against.  Readers  will  also  be 
much  interested  in  the  various  devices,  such  as  sheets  of  netting,  etc.,  by 
which  the  boundaries  of  conspicuous  objects  are  confused,  and  in  the  effects 
of  shadow  which,  varying  much  at  different  times  of  the  day,  may  reveal 
otherwise  unsuspected  projections.  Yet  another  point  to  be  noted  is  the 
distinction  between  visibility  to  the  eye  and  appearance  as  recorded  by 
the  photographic  plate.  The  latter  may  often  reveal  things  that  the 
unaided  eye  can  barely  distinguish,  especially  when  special  colour  filters 
are  used  to  eliminate  the  effects  of  mist. 

The  experience  gained  during  the  war  in  this  field  should  be  carefully 
treasured.  In  view  of  the  prospective  development  of  aerial  navigation 
in  time  of  peace  much  of  this  information  may  have  an  important  bearing 
on  the  converse  problem,  i.e.,  the  marking  out  and  painting  of  objects  so 
as  to  be  easily  recognisable  from  above.  In  the  day-time  the  choice  of 
colours,  the  design  and  dimensions  for  landmarks,  intended  to  enable 
aviators  to  recognise  their  whereabouts  will  be  a  matter  of  great  importance, 
while  the  establishment  of  similar  luminous  recognisable  devices  by  night 
may  well  open  out  an  entirely  new  branch  in  illuminating  engineering, 
which  will  require  treatment  on  an  international  basis.  This  is  a  subject 
which  might  profitably  be  taken  up  by  the  Illuminating  Engineering 
Societies  in  various  countries  in  conjunction  with  the  Government  Depart- 
ments concerned  with  aerial  traffic. 

Leon  Gaster. 
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TRANSACTIONS 

OP 

Zhc  illuminating  Engineering  Society 

(Founded  in  London,  1909). 

The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


THE    ART    OF    CAMOUFLAGE. 

(Proceedings  at  a  meeting  of  the  Society,  held  at  the  House  of  the  Royal  Society  of  Arts, 
18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.,  on  Tuesday,  December  16th,  1919.) 


A  meeting  of  the  Society  was  held  as 
stated  above,  the  President  (Mr.  A.  P. 
Trotter)  in  the  Chair. 

The  Minutes  of  the  last  meeting 
having  been  taken  as  read,  the  Hon. 
Secretary  read  out  the  names  of  the 
following  applicants  for  membership  : — 

Members — 

Frv,  A.  E. 


deliver  a  lecture  on  "  The  Art  of 
Camouflage.*'  The  lecture  proved  of 
great  interest,  and  was  illustrated  by  a 
large  number  of  lantern  slides,  showing 
typical  camouflage  problems.  Captain 
Howells  replied  to  points  raised  in  the 
discussion,  and  a  vote  of  thanks  to  the 


Hood,  J. 

Medlock,  J.  G.  . . 

Associates — 

Baker,  Miss  F.  E. 


Manager  of  the  Burner    Dept.   Plaissetty   Manu- 
facturing Co.,   Ltd.,  Leyton. 

Edison    Swan    Electric    Co.,    Ltd.,    Ponders    End, 
Middlesex. 

Plaissetty  Manufacturing  Co.,  Ltd,  Leyton. 


Manager  of  Research  Laboratory  and  Director  of 
Tintometer,  Ltd.,  Salisbury. 


The  Hon.  Secretary  also  read  out 
again  the  names  of  applicants  announced 
at  the  previous  meeting  on  November 
25th,  who  were  formally  declared 
members  of  the  Society.* 

The  President  then  called  upon 
Captain  W.  A.  Howells,  of  the  Camou- 
flage Camp,  Larkhill,  Salisbury  Plain,  to 
*  Illttm.  Exo.,  Nov.  1919,  p.  311. 


lecturer  terminated  the  proceedings. 

It  was  announced  that  the  next  meeting 
would  take  place  at  8  p.m.  on  Tuesday, 
January  27th,  when  a  discussion  on 
"  Colour-matching  by  Natural  and 
Artificial  Light "  would  be  opened  by 
Mr.  L.  C.  Martin  (of  the  Dept.  of  Technical 
Optics,  Imperial  College  of  Science  and 
Technology.) 
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THE    ART    OF    CAMOUFLAGE. 


By   Captain    W.    A.    Howells,    O.B.E. 


(Summary  of  an  address  delivered  before  the  Illuminating  Engineering  Society  at  the  meeting 
held  at  the  House  of  the  Royal  Society  of  Arts.  London, "at  8  p.m.  on  Tuesday,  December 
16th,  1919.) 


It  cannot  be  too  strongly  impressed 
that  the  essence  of  camouflage  is  decep- 
tion ;  that  it  represents  a  definite  attempt 
to  deceive  an  enemy  and  is  not  adapted 
for  the  purpose  of  securing  protection 
from  view.  One  of  the  chief  causes  of  the 
indifferent  efforts  dining  the  early  pari 
of  the  war  was  that  camouflage  meant 
concealment  from  view.  A  gun  can  be 
concealed  under  a 'sheet  of  tarpaulin  but 
it  is  not  camouflaged.  A  hare  lying  up 
in  a  furrow  of  a  ploughed  field  is  camou- 
flaged by  nature  ;  though  it  is  visible  it 
is  not  distinguishable:  In  the  early  days 
of  the  war  attempts  were  made  to  paint 
important  buildings  with  comparatively 
minute  spots  all  the  colours  of  the  rain- 
bow, the  idea  being  that  viewed  from  the 
correct  distance  the  colours  would  merge 
and  assume  an  even  tone.  Anyone  with 
only  an  elementary  knowledge  of  colour 
physics  knows  this  to  be  the  case,  but  it 
would  have  saved  a  great  deal  of  time 
and  expense  if  the  buildings  had  been 
painted  in  one  even  tone.  The  fact  that 
they  were  covered  with  many-hued  spots 
only  served  to  advertise  the  fact  that 
there  was  something  to  be  bombed  by 
the  enemy. 

It  was  soon  discovered  that  the  only 
method  of  painting  was  the  disruptive. 
i.e.,  painting  in  large  patterns  so  as  to 
distort  the  shape  of  an  object,  and  it  was 
then  only  of  use  against  optical  observa- 
tion and  of  no  assistance  in  defeating  the 
camera.  It  is  useless  painting  objects 
with  the  idea  of  preventing  their  showing 
up  against  the  sky.     Paint  is  only  of  use 


in  merging  an  object  into  its  background. 
It  will  not  reduce  a  silhouette. 

If  we  are  to  destroy  the  shape  of  an 
object  we  must  treat  the  edges.  Too 
large  a  quantity  of  light  tone  on  the  edge 
will  give  excessive  relief  against  a  dark 
background,  and  vice  versa. 

We  must  make  a  design  based  on  the 
nature  of  the  surroundings  and  it  should 
be  adjusted  to  contradict  the  shadow  and 
not  to  emphasise  the  shape,  eg.,  we 
should  not  paint  a  design  with  horizontal 
and  vertical  masses  on  a  rectangular 
building  but  the  pattern  should  have  a 
diagonal  tendency.  It  has  been  suggested 
that  all  under  portions  which  are  nor- 
mally in  shadow,  should  be  painted  light 
to  neutralise  the  shadow.  This  counter- 
shading  is  found  in  most  living  animals, 
those  parts  of  the  animal  that  are  always 
in  shadow  are  light-coloured.  It  is 
possible  that,  as  viewed  by  many  animals. 
the  depth  of  shadow  is  minimised  and 
vagueness  produced.  In  this  connection 
it  is  difficult  to  lay  down  any  hard  and 
fast  rule,  and  I  feel  bound  to  express  the 
opinion  that  rather  too  much  stress  has 
been  laid  on  this  art  of  painting  and 
applying  it  to  buildings,  guns,  etc.  We 
must  not  forget  that  animals  are  not  all 
the  same  height,  and  what  would  render 
a  rather  vague  form  to  a  rabbit  would 
not  give  the  same  effect  to  a  giraffe.  The 
line  of  vision  of  the  rabbit  is  what  we 
would  call  the  horizontal  view  and  the 
giraffe  would  be  more  of  the  aerial  !  No 
doubt  valuable  lessons  can  be  learnt 
from  the  study  of  animals,  but  the 
camoufleur  must  be  careful  in  his  selection 
of  examples, 
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(b)    Good. 


(c) 


(rf)     Bad. 


Fio.   1. — Illustrating  use  of  Disruptive  Patterns  in  Camouflage. 


A  fact  not  to  be  lost  sight  of  is  that  even 
in  nature  protective  colours  and  patterns 
are  of  the  greatest  use  when  the  animal, 
bird  or  insect  is  at  rest,  and  in  the  latter 
connection  there  are  some  wonderful 
examples  to  be  seen  in  the  Natural 
History  Museum,  South  Kensington. 
You  may  paint  a  building  or  gun  to  merge 
into  a  background,  but  in  the  case  of  the 
gun  its  effectiveness  is  destroyed  imme- 
diately it  is  moved.  You  will  see.  there- 
fore, that  it  is  impossible  to  standardise 
patterns  for  this  particular  branch  of 
camouflage.  To  give  an  idea  of  the  use 
of  the  disruptive  pattern  the  sketches 
reproduced  in  Fig.  1  should  be  studied. 

It  must  be  remembered  that  the 
camoufleur's  greatest  enemy  is  the  shadow 
and  no  matter  how  cleverly  an  object  be 
painted  to  deceive  the  eye  of  the  observer 
the  shadow  will  always  be  in  evidence  in 
the  photo.  It  may  be  asked  why  the 
shadow  plays  such  an  important  part  in 
the  photo  and  is  not  of  much  assistance 
to  the  observer.  The  answer  is  that, 
■  speaking  generally,  the  shadows  in  the 
aerial  photo  are  generally  under-exposed 
and  so  make  a  greater  contrast  to  the 
object  than  appears  to  the  eye.  Remember 
also  that  the  photographs  are  studied  at 


leisure  in  safety,  whereas  the  enemy  air- 
man is  generally  worried  by  anti-aircraft 
guns,  and  was  not  created  to  compete 
with  the  nerveless  camera  which  can 
make  a  good  reconnaissance  in  1/125  of 
a  second. 

The  problem  of  the  elimination  of 
shadow  was  considered,  and  while  the 
methods  adopted  for  screening  compara- 
tively small  objects  such  as  guns,  etc, 
from  optical  and  photographic  observa- 
tion were  successful,  it  was  found  im- 
possible to  apply  the  principle  to  large 
buildings,  the  structural  difficulties  being 
too  great.  It  was  decided  to  treat  the 
roofs  of  buildings  in  such  a  way  that 
their  visibility  was  lowered.  Owing  to 
the  smooth  construction  of  the  roofs  of 
most  buildings  a  considerable  amount  of 
light  was  reflected,  and  on  a  moonlight 
night  this  was  of  great  assistance  to  the 
enemy  bomber  in  locating  them.  A 
simple  method  was  to  tar  and  sand  the 
roofs  ;  this  made  a  matt  surface  which 
reflected  very  little  light  and  was  com- 
pletely effective  at  night.  Another 
method  was  to  tar  the  roofs  and  lay  grass 
or  hay  on. 

Table  I.  classifies  roofing  materials  in 
order  of  effectiveness  for  concealment. 
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It  would  be  interesting  to  know  the 
percentage  of  enemy  bombs  dropped  on 
suspected  spots  at  night  as  against 
positively  known  targets  in  our  towns. 
There  is  no  doubt  that  in  the  smaller 
towns  the  war-time  lighting  arrangements 
were  good,  but  that  did  not  prevent 
damage  being  done  by  the  enemy  airmen, 
more  often  than  not  to  buildings  of  no 
military  importance  at  all  and,  as  we  all 
know,  frequently  inflicting  casualties 
to    non-combatants.       Take    any    town 


where  there  were  munition  works.  Would 
it  not  have  been  possible  to  have  fitted 
up  an  arrangement  on  ground  some 
distance  from  the  works  and  a  plan 
made  of  the  works  with  lights  so  as  to 
attract  the  enemy  bomber  ?  No  great 
expense  would  have  been  incurred  and 
the  cost  of  lighting  would  have  been 
small  as  it  would  have  been  used  only 
when  an  air  raid  was  suspected.  This  is 
onlv  another  use  of  the  "  dummy '" 
position  often  employed  by  gunners.     It 


ft  t 

Textured  sections.  Textured  hut. 

Piq.   ?. — Illustrating  treatment   of  roofs  of  buildings 

TABLE  I. 
Roofing  Materials  Classified  for  Effectiveness  in  Concealment. 


Name  of  material. 

Texture. 

Colour 
(un  painted). 

Night    visibility 
1,000'  Moon  45°. 

Day  visibility. 

Corrugated  iron 

Rough 

Grey  black 
(always  painted) 

Invisible 

Inconspicuous 

Tarred  felting 

Dull 

Black 

Invisible 

Inconspicuous 

Penrhvn  slates 

Fairly  rough 

Dark  grey 

Invisible 

Inconspicuous 

Port  Madoc  slates    . . 

Fairly  rough 

Dark  grey 

Invisible 

Inconspicuous 

Callenders'       asphalt 

Fairly  .-month 

Dark  grey 

Just  visible 

Fairly  obvious 

roofing 

Red  tiles 

Smooth 

Red 

Lighter  than 
grass 

Dangerous 

Bell's  roilite 

Very  smooth 

White 

Clearly  visible 

Very  bad 

Ruberoid 

Very  smooth 

White 

Clearly  visible 

Very  bad 

White  asbestos 

Perfectly 

White 

Abnormally 

Abnormally 

smooth 

visible 

visible 
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would  surely  have  attracted  the  enemy 
and  induced  him  to  drop  his  bombs  on 
the  spot,  no  other  target  being  so  visible. 
Care  would  have  been  taken  to  see  that 
the  lighting  was  not  overdone.  As 
illuminating  engineers  it  would  be  well 
for  you  to  study  this  aspect  of  lighting 
in  case  you  are  called  upon  to  devise  some 
scheme  to  cope  with  the  conditions  of 
war. 

From  the  slides  you  have  seen  you  will 
understand  that  to  obtain  depth  of  tone 
in  a  photo  it  will  be  necessary  to  use  a 
rough-textured  material.  If  you  remember 
that  smooth  canvas  photographs  white 
and  that  gorse  gives  the  darkest  tone  of 
all — nearly  black — you  should  form  some 
idea  what  materials  make  intermediate 
values. 

The  aerial  photograph  of  the  landscape 
underneath  (Fig.  4)  gives  a  good  idea 
of  the  various  tone  values  of  different 
growths  of  vegetation.  You  have  the 
lightest  in  the  smooth  roadways  and  the 
darkest  where  the  vegetation  is  roughest. 
This  photograph  shows  the  value  of  the 
shadow  when  estimating  height  and 
character  of  objects  which  I  shall  mention 
later  on.  Untrodden  grass  photographs 
a  dark  tone  due  to  the  upstanding  blades 
casting  shadows — quite  different  to  the 


Fig.  3. — A  method  of  painting  a  large 
building. 

horizontal  appearance  where  most  of  the 
light  is  reflected  or  refracted.  Grass 
pressed  fiat  naturally  reflects  light  up- 
wards and  that  is  why  tracks  show  a 
lighter  tone.  The  slightest  disturbance 
in  a  field  originally  photographing  an 
even  tone  is  shown  up  with  remarkable 
distinctness  by  the  camera. 


Fig.  4. — Aerial   photograph  showing  various  tone  values  of  different  growths 

of  vegetation. 
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The  study  of  tracks  is  all-important 
to  the  intelligence  officer.  They  record 
movement  of  troops  with  unerring 
accuracy  and  it  was  only  during  the  later 
phases  of  the  war  that  something  was 
done  to  educate  troops  to  understand 
that  in  trench  life  and  battle  preparation 
all  movements  should  be  in  conformity 
with  the  checkered  design  of  the  land- 
scape, and  that  tracks  should  not  be  made 
to  run  diagonally  across  fields.  The 
lines  of  demarkation  of  fields  were  clearly 
defined  in  the  photographs  (see  Fig.  4), 


up  towards  the  edges  and  the  wear  of  the 
traffic  would  have  completed  the  effect 
from  the  air  of  a  ploughed  field.  Now 
the  tone  of  the  plough  in  a  photograph 
always  tends  to  lightness,  and  it  follows 
therefore  that  tracks  being  of  the  same 
value  they  would  be  very  difficult  to  see 
in  a  photograph,  if  at  all.  This  device 
would  be  useless  if  the  converging  tracks 
had  been  made  beforehand.  It  was 
only  by  disciplinary  measures  that  troops 
were  made  to  keep  to  the  roads  or  existing 
paths. 


The  dump  at  A.  A  better  choice. 

Fig.  5.— Showing  selection  of  position  for  dump. 


and  men  were  taught  to  make  use  of 
them  such  as  walking  alongside  hedges, 
on  the  north  side  if  possible,  the  shadows 
of  the  hedges  being  helpful  in  blotting 
out  any  suspicion  of  a  track.  The  earlier 
photographs  taken  during  the  war  often 
show  innumerable  tracks  from  all  direc- 
tions converging  on  some  point  which  if 
near  a  road  and  railway  generally 
indicated  the  position  of  a  dump.  The 
irregularly  worn  area  made  by  constant 
traffic  could  have  been  avoided  very 
easily  if,  when  siting  the  dump,  care 
had  been  taken  to  choose  a  field  which 
was  of  a  rectangular  pattern.  Having 
fixed  the  boundaries  of  the  dump  by 
means  of  fencing  of  some  sort,  the  turf 
or  undergrowth  could  have  been  taken 


In  the  following  photograph  (Fig.  6) 
you  will  see  signs  of  a  great  deal  of  traffic 
leading  to  the  copse  and  seemingly  less 
going  out  the  other  side.  It  is  most 
suspicious.  If  the  copse  had  to  be  used 
at  all  it  would  have  been  a  good  thing 
if  a  clearing  had  been  made  right  through, 
creating  a  line  which  would  appear  to  be 
the  effect  of  traffic  and  then  there  would 
be  some  chance  of  misleading  the  enemy 
reader. 

A  source  of  revelation  in  the  detection 
of  batteries  is  the  blast  mark,  i.e.,  the 
removal  of  the  earth  in  front  of  the  guns 
by  the  force  of  the  blast.  These  photo- 
graph a  light  tone  and  six  of  them  in  line 
would  at  once  give  away  a  position  and 
render    nugatory   any    good    camouflage 
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that  may  be  fixed  over  the  guns.  If  the 
gun  can  be  sited  so  as  to  fire  over  a  road, 
bare  earth,  or  water,  the  blast  mark  will 
not  be  detectable.  For  one  or  two  guns 
the  best  thing  in  the  open  country  is  to 
fire  over  shell  holes. 

Attention  must  be  paid  by  the 
camoufieur  to  the  change  of  seasons  and 
the  varying  tones  assumed  by  vegetation, 
etc.,  in  its  growth. 

I  know  of  one  case  where  German 
gunners  had  camouflaged  their  position 
well,  but  it  was  revealed  in  a  photograph 
taken  sometime  after  when  some  vegeta- 
tion had  grown,  showing  the  covering  of 
the  guns  as  light  rectangular  patches. 
The  original  background  of  the  earth 
was  light  and  the  Germans  had  neglected 
to  alter  the  covers.  Another  case  I  have 
in  mind  is  a  German  gun  position  which 
had  been  covered  in  writh  turf  taken 
up  in  the  immediate  vicinity.  The  turfless 
ground  showed  up  in  the  photograph  as 
rectangular  patches.  The  men  had  done 
the  work  too  neatly,  and  the  straight 
lines  being  unnatural  led  to  the  discovery 
of  the  guns.  Not  very  far  behind  these 
guns  were  a  great  many  shell  holes.  As 
you  have  seen,  they  photograph  some- 
thing like  stars  with  a  dark  centre. 
Remembering  the  dark  tone  of  grass,  the 
men  could  have  left  circular  pieces  and 
cut  the  turf  irregularly  around  them  and 
made  some  idea  of  shell  holes.  At  any 
rate  they  would  have  photographed  well 
and  been  quite  passable. 

In  the  examples  I  have  shown  on  the 
screen  no  doubt  you  have  noticed  that 
the  Germans  were  very  careless  in  their 
preparatory  work.  They  commenced 
operations  without  cover  of  any  kind, 
with  the  result  that  our  airmen  were  able 
to  photograph  the  various  stages  of 
concealment. 

This  is  fatal  to  successful  work,  and 
it  is  essential  that  camouflage  screens  be 
erected  first  and  the  men  kept  under 
cover  as  much  as  possible,  care  being 
taken  that  tracks  are  not  made  beyond 
the  area  of  the  overhead  cover.  This  is 
much  more  difficult  than  it  seems. 

The  best  aerial  photographs  were  taken 
in  the  morning  or  the  evening,  when  the 
shadows  were  long.  By  that  means  one 
could  estimate  the  height  of  ruined  walls 
and  the  possibility  of  the  enemy  con- 
cealing himself.     It  is  very  difficult  to 


Fig.  6. 


-Showing  signs  of  traffic  near 
copse. 


distinguish  objects  amongst  ruins  owing 
to  the  shadow  being  distorted  by  the 
debris.  For  this  reason  howitzers  placed 
in  ruined  villages  would  stand  an  excellent 
chance  of  escaping  observation.  In  the 
absence  of  any  camouflage  gun-covers 
such  as  you  have  seen,  gunners  made 
the  fullest  use  of  this  knowledge  and 
were  able  to  stay  in  positions  without 
detection. 

Advantage  was  also  taken  of  the 
already  disturbed  ground  by  troops  when 
selecting  sites  for  new  work.  As  I  have 
stated,  disturbed  and  worn  ground  were 
generally  of  a  light  tone  in  the  photo- 
graph and  formed  an  excellent  background 
on  which  to  operate.  Such  things  as 
buried  cables,  for  instance,  instead  of 
taking  a  diagonal  line  across  country, 
followed  the  line  of  trench  or  rectangular 
shapes  of  the  fields  the  same  as  tracks. 
I  want  to  say  a  word  about  the  type  of 
plate  which  was  used  in  aerial  photo- 
graphy.  It  was  a  panchromatic  plate 
which  showed  up  trenches  a  much 
lighter  tone  than  the  ordinary  plate  and 
any  suspicion  of  new  work  was  set  at  rest 
by  the  use  of  it.  The  panchromatic 
piate  was  particularly  useful  at  the 
Camouflage  School  in  the  winter  time, 
when  the  sun  was  yellow,  and  it  was 
possible  on  a  day  when  there  was  a  ground 
mist  to  take  good  photographs  of  experi- 
ments at  a  height  of  1.000  ft.,  using  a  red 
screen  and  the  lens  at  full  aperture, 
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You  will  now  understand  why  the 
camera  plays  such  an  important  part  in 
modern  warfare.  There  are  still  many 
problems  to  be  solved,  the  most  difficult 
being  a  type  of  gun-screen  that  will 
defeat  the  stereoscopic  view.  During  the 
later  stages  of  the  war  stereoscopic 
photographs  began  to  play  a  great  part 
in  aerial  reconnaissance.  The  earlier 
attempts  in  this  direction  were  not  satis- 
factory as  the  base  line  was  much  too 
short,  having  regard  to  the  height  at 
which  the  photographs  were  taken.  The 
ordinary  stereoscopic  camera  was  useless 
at  a  height  of  8-10,000  feet,  the  altitude 
at  which  photographs  were  generally 
taken,  the  distance  between  the  lenses 
being  much  too  short  to  obtain  any  relief 
of  objects  on  a  battlefield.  I  believe  the 
next  step  was  the  fixing  of  a  camera  on 
the  end  of  each  plane  with  an  arrange- 
ment for  making  simultaneous  exposures 
of  the  plates.  This  was  not  satisfactory, 
the  cameras  being  still  too  near.  It  was 
found  that  an  observer  making  a  few 
exposures  in  quick  succession  at  approx- 
imately the  same  height  with  the  same 
camera  was  able  to  produce  photographs, 


Fro.  7.  -Showing  new  work  in  trench. 

tion  I  have  indicated.     No  serious  effort 
has  been  made  so  far. 

A  great  dtal  of  experimenting  remains 
to  be  done  with  filters  in  conjunction 
with  panchromatic  and  other  plates 
sensitive  to  single  colours,  and  also  the 
use  of  goggle  filters  for  the  detection  of 
camouflage. 


(«) 


(6) 


Fig.  8, 


-Showing  value  of  a   red  screen,  used  in  conjunction  with   panchromatic  plate, 
in  cutting  out  fog. 


two  of  which  would  generally  register  in 
the  stereoscopic  viewer.  H  six  were 
taken  when  the  observer  was  flying 
straight,  it  would  be  found  that  Nos.  1 
and  6  combined  would  often  give  exag- 
gerated relief  of  breastworks,  guns,  etc. 

The  photographer  will  tell  you  that 
you  cannot  defeat  his  camera,  but  I  feel 
sure  something  can  be  done  in  the  direc- 


As  showing  the  value  of  a  red  screen 
in  cutting  a  fog,  some  photographs  taken 
in  Kensington  Gardens  on  November  26th, 
1918  (Figs.  8o  and  86)  will  be  interesting. 

Ordinary  Plate.        Panchromatic  Plate. 

Time  :  9.30  a.m.  Time  :  9.30  a.m. 
Exposure:  1/25  sec.  Exposure:  1  sec. 
Stop:  5.6.  Stop:  5.6.  " 
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DISCUSSION. 


In  the  discussion  various  speakers 
alluded  to  camouflage  problems  likely 
to  be  met  with  in  the  future,  and 
especially  to  the  difficulty  of  concealing 
large  cities  in  view  of  possible  aerial 
attack. 

Mr.  J.  Murray  Kendall  said  that  he 
was  exceedingly  glad  to  notice  the 
emphasis  laid  on  track  discipline  by 
the  lecturer,  for  he  quite  agreed  that  no 
effective  camouflage  had  ever  been  dis- 
covered for  the  tracks  left  even  by  small 
parties.  It  was  for  this  reason  that 
certain  theories,  as  to  the  possibility  of 
massing  large  bodies  of  troops  under- 
cover of  vast  areas  of  camouflage  materials 
made  to  resemble  the  natural  surface 
of  the  earth,  might  be  regarded  as 
fallacious.  The  carrying  parties  bringing 
up,  and  the  fatigue  parties  manipulating 
the  materials  for  works  of  such  great 
extent  would  inevitably  produce  tracks 
of  so  pronounced  a  nature  as  to  draw 
attention  to  the  very  areas  which  it 
was  desired  to  remain  unnoticed.  There 
was,  moreover,  no  evidence  that  any- 
thing of  this  sort  was  ever  attempted. 

Capt.  C.  H.  Moore  inquired  whether 
the  lecturer  anticipated  that  the  art 
of  camouflage  would  eventually  be  able 
to  deal  effectively  with  positions  close 
to  a  large  or  distinctive  tract  of  water. 
They  all  knew  that  the  surface  of  water 
shows  up  distinctly  against  any  sur- 
roundings, whatever  the  lighting  con- 
ditions might  be. 

With  regard  to  a  previous  speaker's 
reference  to  "  the  camouflage  of  moving 
objects "  they  had  the  early  instance 
in  "  Macbeth,"  where  "  Birnam  Wood  " 
came  to  Dunsinane,"  covering  an 
approaching  force. 

Mr.  B.  B.  Walker  inquired  whether 
attempts  had  been  made  to  obtain 
information  regarding  the  nature  and 
height  of  objects  by  taking  photographs 


of  the  same  piece  of  ground  from  different 
points  in  the  air. 

Mr.  A.  W.  Wyatt  referred  to  the  view 
expressed  that  the  methods  of  shading 
lights  originally  used  in  London  during 
the  war  period  had  the  effect  of  making 
streets  more  prominent  when  inspected 
from  above,  than  they  would  have  been 
under  normal  conditions.  If  some  light 
had  been  allowed  to  escape  upwards 
the  diffusion  of  this  light  in  the  atmos- 
phere over  the  city  would  have  produced 
a  luminous  haze,  rendering  it  difficult 
to  identify  particular  objects,  although 
the  airman  would  recognise  more  easily 
when  he  was  over  London  as  a  whole. 

Mr.  L.  Gaster  alluded  to  the  converse 
problem  that  would  be  met  in  con- 
nection with  peaceful  aerial  navigation, 
namely,  producing  an  appearance  of 
prominent  objects  and  landmarks  such 
that  they  could  be  readily  recognised 
from  above  and  so  enable  the  airman 
to  recognise  his  whereabouts. 

The  President,  in  closing  the  dis- 
cussion, referred  to  his  own  experiences 
in  connection  with  the  masking  of  lights 
in  London  as  a  precaution  in  connection 
with  air-raids,  which  had  been  dealt  with 
in  his  presidential  address  before  the 
Society  in  1917,  and  expressed  the 
thanks  of  the  meeting  to  Captain  Howells 
for  his  interesting  lecture. 

Capt.  Howells  briefly  replied  to 
various  points  raised  in  the  course  of  the 
discussion,  agreeing  as  to  the  extreme 
difficulty  of  concealing  large  cities  from 
aircraft,  and  discussing  the  appearance 
from  above  of  areas  of  water.  As 
regards  the  point  raised  by  Mr.  Walker 
there  were  various  methods  of  stereo- 
scopic aerial  photography  with  which 
experiments  had  been  made. 
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THE    VISIBILITY    OF    AEROPLANES    AND    THE 
APPEARANCE    OF    OBJECTS    VIEWED    FROM   ABOVE. 


A  very  interesting  contribution  on  the 
above  subject,  summarising  work  done 
for  the  Science  and  Research  Division  of 
the  Bureau  of  Aircraft  Production  in  the 
United  States,  has  been  recently  contri- 
buted to  the  Journal  of  the  Franklin 
Institute*  by  Mr.  M.  Luckiesh.  Objects 
are  distinguished  by  differences  in 
shade  and  colour,  and  as  a  preliminary 
to  the  study  of  this  problem  it  was  neces- 
sary to  make  a  survey  of  the  conditions 
of  brightness  of  the  earth,  sea  and  sky. 
Enormous  variations  in  these  conditions 
are  met  with.  The  sky  is  a  uniform 
background  only  on  a  cloudless  day  or 
with  a  completely  overcast  sky.  Light 
patches  of  white  cloud  are  often  many 
times  brighter  than  the  adjacent  blue 
sky.  The  average  brightness  of  the  earth, 
seen  from  above,  likewise  undergoes 
great  variations  according  to  the  climatic- 
conditions,  and  the  time  of  the  day  and 
year.  As  data  for  his  investigation  Mr. 
Luckiesh  commenced  an  investigation  of 
eight  chief  factors,  including  the  apparent 
reflection -factor  of  earth -regions  and 
areas  of  water  ;  the  size  of  pattern  for 
aeroplane  camouflage,  and  various 
brightness  measurements  relating  to  the 
sky  and  clouds. 

In  the  first  section  of  his  communica- 
tion Mr.  Luckiesh  gives  a  detailed  account 
of  observations  taken  during  5,000  miles 
of  air-travel.  Diagrams  are  given  show- 
ing how  illumination  due  to  skylight  and 
sunlight  varies  with  the  altitude  of  the 
sun,  how  these  factors  are  related  to  the 
time  of  day,  and  how  illumination  on  a 
horizontal  surface  is  received  from  the 
sky  overhead.  According  to  a  well-known 
principle  a  perfectly  white  horizontal 
surface,  situated  at  the  centre  of  a 
uniformly  bright  hemisphere,  would 
have  the  same  brightness  as  this  surround- 
ing luminous  surface.  Theoretically, 
therefore,  the  upper  surface  of  an  aero- 
plane, if  painted  a  dead  white,  might  be 
expected  to  assume  the  same  brightness 
as  the  approximately  uniform  sky  sur- 
rounding it.     But  in   practice  the  sky- 


surface  is  rarely  uniform,  and  we  have  to 
deal  with  mixtures  of  direct  sunlight  and 
diffused  skylight.  Moreover,  even  the 
attainment  of  this  exceptional  condition 
would  not  help  us  materially  towards 
rendering  aircraft  indistinguishable.  An 
aeroplane,  if  viewed  by  a  hostile  scout 
above,  is  seen  against  the  dark  back- 
ground of  the  earth  ;  while  if  viewed 
from  the  ground  it  is  seen  silhouetted 
against  the  very  much  brighter  sky  above. 
It  seems  difficult,  therefore,  by  any  pro- 
to  confer  immunity  against  detection 
both  from   below  and  above. 

Mr.  Luckiesh  has  made  a  comprehen- 
sive study  of  the  apparent  brightness  of 
landscapes  seen  from  an  aeroplane.  One 
of  the  most  striking  things  about  these 
observations  is  the  relatively  low  co- 
efficient of  reflection  of  such  surfaces, 
whether  ploughed  fields,  grass,  woods, 
etc.  Mr.  Luckiesh  explains  this  by 
pointing  out  that  these  irregular  surfaces 
rarely  receive  the  full  measure  of  daylight 
illumination  ;  therefore  their  coefficient 
of  reflection  appears  unduly  low,  ranging 
in  general  between  3  5  to  10  per  cent. 
Here  are  some  typical  figures  :— 

Brightness  in 

comparison 

with  a 

perfectly 

white  surface. 

Per  cent. 

6 


Fieldp 
Woods 

Inland  Water 
Barren  land 


43 

5  5 

11-3 


March  and  April,  1919. 


The  low  values  for  grass  and  woods  are 
no  doubt  to  be  explained  by  the  fact, 
mentioned  above,  that  they  are  not  plane 
surfaces  and  much  of  the  light  is 
smothered  in  the  interstices  between  blades 
of  grass  or  branches  of  trees.  Moisture  has 
also  considerable  influence — wet  dirt  is 
darker  than  dry  earth  baked  by  the  sun. 

Similar  observations  were  made  on  the 
brightness  of  clouds  and  the  effects  of 
luminous  haze.  The  presence  of  such  a 
haze  often  has  the  effect  of  making  the 
apparent  brightness  of  landscapes  greater. 
The  results  obtained  for  inland  water  were 
surprisingly  uniform,  but  its  brightness 
naturallv  varied  much  according  to  the 
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angle  from  which  it  was  viewed.  In  one 
case,  where  the  river  was  very  yellow  due 
to  suspended  particles  of  earth,  an 
unusually  high  brightness  was  noted. 
When  observed  from  directly  overhead 
the  brightness  of  water  is  due  mainly 
to  reflection  of  sky,  and  may  attain  0*87 
of  the  zenith  sky-brightness. 

Owing  presumably  to  the  fact  that  we 
have  usually  to  deal  with  a  mixture  of 
direct  sunlight  and  diffused  skylight, 
and  also  that  the  apparent  brightness  of 
earth-areas  is  increased  to  some  extent 
by  the  presence  of  luminous  haze,  one 
finds  that  the  average  brightness  values, 
as  compared  with  that  of  the  zenith  sky, 
are  unexpectedly  high.  The  following 
table,  for  example,  gives  the  average  of  a 
number  of  observations,  B  denoting  the 
zenith  sky-brightness  : — 

Earth-areas — 

Woods 045B 

Water 071B 

Fields 0-81B 

Barren  land      ..  ..  ..  1"14B 

Landscape  covered  with   hazy 

clouds  . .  . .  . .  35  B 

Cloud-areas — 

Upper  sunlit  sides  of  cumulus 

clouds  5T0B 

Underside  of  massive  cumulus 
clouds  1-4  B 


Zenith  Sky 


B 


By  various  calculations  on  specific 
days  values  for  the  apparent  mean  reflec- 
tion-factor for  the  earth  varying  from 
6 "6  per  cent,  to  8*5  per  cent,  are  recorded 
(the  latter  including  the  contribution  to 
brightness  of  luminous  haze). 

From  the  foregoing  observations  it  is 
concluded  that  if  a  perfectly  white  object 
were  suspended  a  few  thousand  feet  above 
the  earth  its  upper  surface  would  be 
12 — 14  times  as  bright  as  the  lower 
surface.  The  former  would  appear  much 
brighter  than  the  landscape  below,  and 
the  latter  (viewed  from  the  earth)  much 
darker  than  the  sky  above.  The  problem 
is  to  determine  conditions  which 
would  reduce  the  inequality  of  brightness 
in  both  cases. 

Taking  first  the  problem  of  an  aeroplane 
viewed  from  below.  The  brightness  on 
the  under-surfaces  of  the  plane  is  derived 


mainly  from  light  reflected  from  the 
earth,  and  Mr.  Luckiesh  shows  that,  even 
if  perfectly  white,  this  surface  could  never 
be  expected  to  attain  a  brightness  higher 
than  ]-10th  of  that  of  a  uniform  sky. 
When  viewed  against  bright  clouds,  the 
ratio  would  be  very  much  greater,  and  in 
fact  there  is  little  help  to  be  derived  by 
painting  the  surface  white.  The  most 
hopeful  line  of  investigation  for  rendering 
the  aeroplane  inconspicuous  would  seem 
to  be  to  use  a  translucent  material  for  the 
wings  of  the  aeroplane  whereby  a  certain 
amount  of  transmitted  light  would  in- 
crease the  brightness  of  the  lower  surface. 
If  fabrics  could  be  impregnated  with  a 
liquid  to  render  them  more  translucent 
this  would  be  a  solution,  and  bluish  white 
linen  or  cotton  fabrics  used  with  colourless 
dopes  and  varnishes,  would  contribute 
considerably  towards  low  visibility. 
Results  obtained  with  a  photometer  on 
sheets  of  unbleached  linen  seem  quite 
hopeful  in  this  respect. 

Another  possible  solution  discussed  by 
Mr.  Luckiesh  is  the  use  of  supplementary 
artificial  light  to  increase  the  brightness 
of  the  lower  side  of  the  wings.  He 
calculates  that  for  an  aeroplane  with  an 
under-surface  of  300  square  feet  some- 
thing like  15,000  watts  would  be  needed 
to  meet  the  conditions  on  a  clear  day. 
Given  specially  suitable  atmospheric 
conditions,  this  value  might  conceivably 
be  reduced  considerably,  but  even  so 
the  difficulties  of  increased  weight  from 
generating  apparatus,  together  with 
proper  disposition  of  the  lamps,  seem 
insuperable. 

As  regards  the  problem  of  invisibility 
from  above,  conditions  seem  more  pro- 
mising. This  property  is  chiefly  valuable 
in  making  difficult  the  identification  of 
planes  by  hostile  aircraft  above  them. 
In  view  of  the  low  reflecting  power  of  the 
earth-surfaces  (the  average  of  which  might 
be  taken  as  7  per  cent.),  an  exceptionally 
dark  paint  would  be  required,  but  com- 
mercial black  paints  with  a  coefficient  of 
reflection  of  about  3  per  cent,  are  avail- 
able. As  the  ground-surface  above  which 
the  plane  is  moving  constantly  alters,  it  is 
impracticable  to  attempt  camouflage- 
patterns  similar  to  those  used  for  station- 
ary objects.  Uniform  colour,  however, 
is  not  fully  satisfactory,  and  a  mottledone 
of  indefinite  figure  seems  the  best  com- 
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promise.  It  might  be  worth  while  also  to 
adapt  the  pattern  to  the  conditions  pre- 
vailing at  different  times  in  the  year. 
In  practice  it  is  found  surprisingly  difficult 
to  locate  an  aeroplane  specially  camou- 
flaged to  suit  the  country  over  which  it 
operates,  and  the  fact  that  the  view  of 
the  observer  is  constantly  being  inter- 
rupted by  the  wings  and  body  of  his  own 
craft  accentuates  this  difficulty. 

The  use  of  a  dull  matte  coating  for 
aircraft  would  also  be  of  material  value  in 
rendering  it  more  difficult  to  be  picked 


up  by  searchlight  beams  at  night. 
According  to  Mr.  Luckiesh  there  is  little 
to  be  gained  by  employing  the  principle 
of  "  confusability-camouflage  "  (such  as  is 
used  to  deceive  the  enemy  as  to  the  course 
and  direction  of  motion  of  a  ship)  for 
aircraft,  chiefly  owing  to  the  much  higher 
speed  at  which  aeroplanes  travel.  The 
use  of  aluminium  foil  is  favourable  to  low 
visibility  in  certain  circumstances,  and 
the  direct  reflection  of  sunlight  might 
sometimes  prove  inconvenient  to  the 
enemy. 


THE    DAZZLE   PAINTING    OF    SHIPS. 

The  "dazzle-painting"  of  ships,  i.e.,  the 
painting  of  their  hulls  in  peculiar  geo- 
metric patterns  so  as  to  give  a  misleading 
impression  of  their  speed  and  direction 
of  movement,  was  described  by  Lieut. - 
Commander  Norman  Wilkinson,  the 
originator  of  these  methods,  in  a  recent 
paper  before  the  North-East  Coast 
Institution  of  Shipbuilders.  The  term 
"  dazzle-painting "  is  not  a  good  one 
as  the  effect  does  not  consist  in  dazzling 
the  eyes,  but  rather  in  an  optical  delusion  ; 
the  patterns  resemble  more  those  pre- 
vailing in  some  futurist  and  cubist 
paintings,  and  the  phrase  "  jazz-paint- 
ing," humourously  suggested,  is  perhaps 
more  apt.  Lieut. -Commander  Wilkinson 
pointed  out  that  an  attempt  to  confer 
invisibility  on  ships  at  sea  was  injudicious. 
On  land,  where  an  object  is  stationary  and 
its  surroundings  do  not  alter,  it  is  possible 
to  camouflage  objects  with  fair  success  by 
painting  them  so  as  to  resemble  sur- 
roundings. But  in  the  case  of  travelling 
ships  at  sea,  where  the  appearance  of  the 
water  and  sky  is  constantly  changing,  the 
method  is  not  successful.  In  any  case 
a  ship  attacked  by  a  submarine  is  seen 
through  the  periscope  from  close  to  the 
sea-level  silhouetted  against  the  bright 


sky.  Colouration  intended  to  confer 
invisibility  is  therefore  of  little  value, 
and  is  subject  to  the  further  drawback 
that  any  delicate  form  of  painting, 
besides  expensive  and  tedious,  is  rapidly 
obscured  by  dust  and  grime. 

The  method  adopted  was  therefore  to 
divide  the  hull  of  the  ship  into  stripes 
and  sectors,  painted  with  a  strong,  con- 
trast in  several  simple  colours.  A  ship 
so  camouflaged  may  be  seen  with  com- 
parative ease,  but  by  the  artful  use  of 
patterns  it  is  rendered  extremely  difficult 
to  judge  her  speed,  or  even  the  direction 
in  which  she  is  proceeding.  Accordingly 
a  submarine  is  deceived  into  coming  to  the 
surface  in  the  wrong  position  for  delivering 
a  torpedo,  and  her  presence  once  thus 
revealed,  the  opportunity  may  not  recur. 
In  some  cases  different  patterns  were  used 
on  the  two  sides  of  the  ship,  and  generally 
standard  patterns  were  avoided  so  that 
no  pattern  could  become  familiar.  Such 
methods  were  subsequently  adopted  in 
the  United  States  and  are  also  described 
in  papers  by  Lieut.  E.  L.  Warner  and 
Lieut.  H.  Van  Buskirk  before  the 
American  Illuminating  Engineering 
Society.  An  interesting  feature  is  the 
description  of  the  fully  equipped  small 
theatre  with  an  artificial  sea  and  sky,  in 
which  the  motions  and  appearance  of 
small  camouflaged  models  could  be 
studied. 
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The  above  exhibition,  which  was  held 
at  the  Imperial  College  of  Science,  on 
January  7th-8th,  contained  much  of 
interest.  Mr.  L.  C.  Martin  showed  the 
Sheringham  daylight  lamp  (previously 
exhibited  at  the  meeting  of  the  Illumi- 
nating Engineering  Society  in  November 
last).  Two  forms  of  lamps,  having 
differently  designed  reflecting  surfaces 
and  respectively  imitating  "  north  sky- 
light "  and  "  diffused  sunlight."  were 
shown.  Between  them  was  an  ordinary 
gas-filled  lamp,  working  with  a  white 
reflector,  enabling  the  difference  in 
appearance  of  coloured  objects  illuminated 
by  the  three  lamps  to  be  clearly  seen. 

The  Edison  Swan  Electric  Co..  Ltd..  had 
a  complete  set  of  "  Point olite  "  lamps  on 
exhibit,  including  the  new  4,000  candle- 
power  type,  and  Messrs.  Newton  and 
Co.  showed  several  types  of  incandescent 
electric  lamps  suitable  for  lantern  work, 
including  that  with  the  "  cone  "  form  of 
filament.  Both  exhibits  were  of  interest 
as  indicating  possible  application  of  glow 
lamps  for  cinema  work.  The  Westing- 
house  Cooper  Hewitt  Co.,  Ltd.  showed 
a  form  of  quartz  tube  mercury  vapour 
lamp  adapted  for  medical  purposes,  the 
lamp  being  mounted  in  a  special  burnished 
aluminium  housing. 

Mr.  F.  Harrison  Clew's  demonstration 
of  radioactive  luminous  materials  was  an 
interesting  feature,  and  included  samples 
of  varying  strength,  small  tubes  used 
for  gun-sights,  painted  dials  for  clocks, 
and  maps  of  the  sky  with  the  stars  traced 
in  luminous  paint,  a  device  which  has 
been  of  considerable  value  to  troops  in 
finding  their  way  during  night  operations. 
Reference  may  also  be  made  to  a  striking 
experiment  shown  by  Messrs.  H.  Tinslev 
and  Co.,  namely,  the  illumination  of  a 
special  stroboscopies  disc,  attached  to  the 
rotating  motor,  by  a  neon  tube.  This 
tube  was  operated,  through  the  agency 
of  a  tuning  fork,  at  exactly  50  periods 
per  second.  The  changes  in  appearance 
of  the  disc,  with  varying  speed  of  the 
motor,  were  truly  remarkable,  and  it  was 


pointed  out  that  the  device  could  be 
used  as  one  of  the  most  sensitive  methods 
of  speed-regulation  available. 

Messrs.  Chance  Bros,  and  Co.  showed 
a  variety  of  special  glasses,  including 
some  due  to  Sir  Win.  Crookes.  Special 
interest  attaches  to  those  designed  for  the 
transmission  or  absorption  of  ultra-violet 
and  the  uranium  glass,  exhibiting  strong 
fluorescence  under  ultra-violet  fight. 

The  optical  exhibits  included  many 
interesting  forms  of  apparatus,  amongst 
which  the  Bawtree  colorimeter,  exhibited 
by  A.  W.  Penrose  and  Co.,  may  be  singled 
out  for  special  mention.  In  this  apparatus 
controlled  quantities  of  coloured  fight 
passing  through  special  filters  are  mixed 
in  the  form  of  a  colour-patch.  Any  tint 
of  colour  may  be  matched  by  combining 
these  elements  in  suitable  proportions. 

Restrictions  of  space  prevent  our  doing 
more  than  mention  a  few  exhibits  of 
special  interest  in  relation  to  the  measure- 
ment and  applications  of  light  and 
colour.  Much  of  the  optical  apparatus 
including  spectroscopes,  microscopes,  and 
an  ultra-condenser  to  facilitate  the  illumi- 
nation of  minute  particles  with  a  dark 
background  were  also  worthy  of  study, 
and  there  was  also  a  comprehensive 
display  of  electrical  instruments. 


THE  BRITISH  ELECTRICAL 
FEDERATION,  LIMITED. 

We  are  informed  that  the  British 
Electrical  Federation  ami  must  of  its 
member  companies  have  returned  from 
the  Manchester  Hotel,  Aldersgate  Str<  et, 
to  Electrical  Federation  Offices,  88, 
Kingsway  (over  the  Holborn  Station  of 
the  Piccadilly  Tube  Railway).  As  the 
Government  lias  retained  part  oi  the 
building,  the  Engineering  and  Stores 
Departments  of  the  Federation  are.  for 
the  present,  located  in  adjacent  premise-- 
at  11-13,  Southampton  Row.  while  the 
Electrical  and  Industrial  Investment 
Company  and  other  finance  companies  are 
at  4,  Broad  Street  Place,  E.C. 
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SPECULAR    REFLECTION    FROM 
ROUGH    SURFACES. 

Although  the  conditions  of  reflection 
met  with  in  practice  with  more  or  less 
rough  surfaces  are  pretty  well  understood, 
there  is  much  room  for  study  in  the 
underlying  scientific  facts,  which  might 
possibly  lead  to  useful  practical  sugges- 
tions. The  subject  has  recently  been 
studied  by  Mr.  T.  K.  Chinmayanandam 
in  the  Physical  Review,  the  investigation 
being  a  continuation  of  the  earlier 
researches  by  A.  F.  Gorton,  Lord  Ray- 
leigh,  T.  J.  Meyer  and  others.  The 
subject  is  regarded  from  a  wider  stand- 
point than  is  necessary  in  illuminating 
engineering.  For  instance,  lighting  en- 
gineers are  primarily  concerned  with 
visible  light  (04/u — 0-75/t),  but  the  range 
of  wave  lengths  considered  by  these 
authors  extends  far  into  the  infra-red 
at  14/i. 

An  attempt  has  been  made  to  evolve 
a  mathematical  formula  for  such  surfaces, 
the  comparatively  simple  relation, 
j_e-<8»«co8»tf)/ax«  being  attained.  Here 
I  is  the  intensity  of  the  reflected  radiation, 
a  a  constant  depending  on  the  nature  of 
t  he  surface.  Values  of  a  for  four  different 
surfaces  studied  by  Gorton  are  given,  and 
they  vary  considerably.  It  will  be 
observed  that  the  formula  contains  the 
wave  length  of  light,  and  tables  of  reflec- 
tion coefficients  for  wave  lengths  from  l/i 
to  1 1/Li  are  given.  Very  marked  differ- 
ences in  reflection  are  to  be  noted  for 
different  wave  lengths.  Speaking  gener- 
ally the  coefficient  of  reflection  becomes 
greater  as  we  advance  into  the  infra-red, 
and  would  ultimately  approach  unity. 
The  effect  of  the  wave  length  is,  however, 
most  marked  when  the  light  strikes  the 
surface  very  obliquely,  and  several  facts 
in  explanation  of  this  are  adduced  ;  for 
example,  with  oblique  light  of  short  wave 
length  only  the  extreme  outer  parts  of 
the  surface  come  into  play,  whereas  with 
rays  in  the  advanced  infra-red  the  parts 
that  are  deeper  (in  the  troughs  of  the 
rugosities)  are  almost  equally  useful. 
These  facts  are  interesting  in  relation  to 
the  reflection  of  heat  by  rough  surfaces 
and  may  have  a  bearing  on  the  construc- 
tion of  radiators.     In  regard  to   visible- 


light  it  seems  to  be  generally  understood 
that  provided  the  surface  is  white,  there 
is  little  difference  between  the  reflection 
of  light  of  different  colours  at  various 
angles. 

It  is  to  be  noticed  that  even  in  this 
inquiry  the  author  is  brought  up  by  the 
discovery  that  at  very  oblique  angles  his 
calculated  formula  does  not  apply,  and 
he  suggests  a  more  complicated  form  to 
meet  this  case. 


RECORDS  OF  LAMPS  USED  IN  PARKS. 

In  the  Electrical  Review  (Chicago)  Mr. 
C.  H.  Shepherd  recently  summarised  the 
results  of  an  investigation  into  the  life  of 
lamps  used  in  five  parks  in  Chicago. 
The  record  appears  to  have  been  kept  in 
a  very  systematic  manner,  and  the  exact 
date  of  installation  and  failure  of  each 
lamp  being  recorded,  the  results  are 
quite  interesting.  For  outdoor  lighting 
there  were  in  use  1,561  400  candlepower 
15  amp.  lamps  operated  18  in  series- 
There  are  also  about  300  special  lamps 
used  for  lighting  bathing  beaches, 
memorials,  etc..  and  for  flood-lighting, 
while  the  indoor  lighting  comprised  about 
6,500  outlets.  The  record  proved  useful 
in  revealing  various  defects  in  circuits 
that  were  afterwards  corrected,  but  the 
most  striking  results  relate  to  the  effect 
on  the  life  of  lamps  of  the  number  of 
times  they  are  switched  on  and  off. 

The  lamps  were  run  respectively  on  an 
all-night  schedule  (approx.  4,000  hours 
per  year),  on  a  half-night  basis  (approx. 
2,200  hours  per  year),  and  alternately  on 
the  half-night  and  whole-night  basis 
(equivalent  to  about  3,100  hours  per 
year).  The  curious  thing  about  the 
results,  which  are  assembled  in  tabular 
form,  is  the  increasing  life  under  continued 
operation.  Lamps  installed  on  the  same 
date  on  circuits  operation  for  whole- 
night,  half-night,  and  alternate  services 
burned  out  on  approximately  the  same 
date.  It  appears,  therefore,  that  the 
number  of  times  a  lamp  is  turned  on  and 
off  has  more  effect  on  the  life  than  the 
actual  number  of  hours  burned — a 
curious  result  that  should  be  subjected  to 
confirmatorv  tests  in  this  country. 
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TOPICAL    AND     INDUSTRIAL    SECTION. 


■  •  •  •  •  — 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fule  information  relating  thereto.] 


THE  NEW  "  UKAY  "  INVERTED 
GAS  LAMP. 

We  had  recently  an  opportunity  of 
viewing  the  new  lamp  of  this  type  being 
manufactured  by  Messrs.  Falk,  Stadel- 
mann  and  Co.,  Ltd.,  which  we  understand 
is  now  available  for  general  use. 
The  new  types  mark  a  progressive 
development  from  the  original  "  Ukay  " 
lamp  introduced  in  1910.  The  Bunsen 
tube  is  of  the  straight  down  type  and  is 
carried  from  the  gas  supply  centrally 
through  the  lamp,  and  this  departure 
from  the  usual  bracket  type  of  burner 
is  considered  a  distinct  advantage  as 
obviating  possible  obstruction  of  the  gas 
passage.  The  Bunsen  tube  is  connected 
to  a  heavy  brass  cast  superheater,  to 
which  the  mantle  nozzles  are  attached. 
( We  may  say  that  the  use  of  substantial 
brass  work  for  any  parts  otherwise  liable 
to  corrosion  is  a  feature  of  this  lam]).) 
All  burners  are  simultaneously  adjusted 
by  one  gas  and  air  regulator  operated  from 
the  outside  of  the  lamp  by  a  loose  key, 
which  can  be  removed  to  prevent  subse- 
quent interference  ;  this  appliance,  and 
also  the  new  frictionless  gas  adjuster, 
seem  to  be  very  simple  and  reliable  in 
operation.  The  gas  adjuster  utilises  two 
close-fitting  cylindrical  rods,  which  are 
gradually  brought  nearer  together  by 
the  operation  of  a  brass  screw.  There  is 
no  needle  valve  or  small  hole  to  clog  and 
choke  up  the  free  gasway — in  fact,  any 
material  collected  should  be  removed  by 
the  pressure  when  the  adjuster  is  screwed 
tight.     Another  feature  is  the  simplicity 


General  view  of  the  now  "Ukay"  Lamp. 


with  which  the   lamp   can  be  assembled 
or  taken  apart. 

Three  types  of  lamp  are  being  supplied  : 
a  standard  type  giving  150  candlepower 
per  burner  and  using  1-4  burners,  each 
consuming  four  cubic  feet  per  hour  ; 
a  cluster  type,  using  2-10  lights,  working 
at  100  candlepower  per  burner  and 
consuming  approximately  two  cubic  feet 
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per  burner  ;  and  a  high  candlepower  type, 
operating  at  300  candlepower  per  burner 
and  using  one,  two  or  three  burners  each 
taking  approximately  seven  cubic  feet 
per  hour.  It  will  be  seen,  therefore,  that 
40-50  candlepower  per  cubic  foot  of  gas 
per  hour  is  claimed  for  these  lamps,  a 
striking  advance  compared  with  the 
values  attainable  with  low-pressure  gas 
a  few  years  ago  and  one  not  involving 
the  complexities  in  lamp  design  which 
were  formerly  considered  necessarv 


OSRAM   "  ATMOS   TYPE  "  LAMPS. 

A  leaflet  issued  by  the  General  Electric- 
Co.,  Ltd.,  gives  prices  and  particulars  of 
Osram  "  Atmos  Type  "  (gas-filled)  lamps 
ranging  from  25  volt.  15  watt  up  to  200- 
260  volt.  1500  watt,  The  smaller  gas- 
filled  lamps,  of  which  there  has  been  a 
scarcity  during  the  war,  should  be  useful 
for  many  purposes.  It  is  to  be  noted 
that  60  watt  100  volt,  and  100  watt 
260  volt,  lamps  are  listed.  As  regards 
the  high  wattage  lamps,  which  yield 
several  thousand  candlepower,  these  are 
finding  ready  application  for  streets, 
railways,  dockyards,  etc.,  while  inter- 
mediate candlepower  are  suitable  for 
the  interior  and  exterior  lighting  of 
shops,  offices,  factories,  hotels,  etc.  The 
leaflet  also  contains  an  illustration  of 
the  Osram -Robertson  factory  at  Ham- 
mersmith where  these  lamps  are  manu- 
factured. 


"  X-RAY  "  COLOUR  MATCHING  UNITS. 

A  compact  form  of  colour-matching 
units,  issued  by  the  National  X-Ray 
Reflector  Co.  of  Chicago  ("Tru  Da 
Light  "),  has  some  interesting  features. 
It  consists  of  a  portable  standard,  and 
uses  neither  special  coloured  lamps  nor 
diffusing  plates,  the  white  light  being 
secured  by  the  effect  of  the  blue  glass 
reflector,  having  a  metal  covering.  The 
principle  appears  to  be  a  novel  one,  which 
deserves  attention   in,  this  country. 


We  are  informed  by  Messrs.  Watson 
and  Sons  that  Mr.  Howard  C.  Head  has 
joined  the  Board  of  Directors.  Mr. 
Head  was  formerly  in  charge  of  the  Elec- 
tro-Medical Department  of  Messrs. 
Siemens  Bros,  and  Co.,  Ltd.,  and  has  a 
long  experience  of  X-Rav  work  dating 
back  to  1896. 


THE  METRIC  SYSTEM  AND  PUBLICITY 
LITERATURE. 

In  view  of  the  great  impetus  that  has 
been  given  to  the  metric  system  during 
recent  years,  and  the  important  part 
which  a  knowledge  of  the  system  will 
play  in  the  European  trade  of  the  future, 
there  is  every  reason  to  make  the  system 
more  familiar  and  to  render  the  con- 
version from  British  to  metric  measures 
easier. 

One  of  the  readiest  means  of  accom- 
plishing this  is  undoubtedly  the  inclusion 
of  metric  measurements  in  catalogues 
and  it  has  been  suggested  that  for  the 
present  both  the  British  and  the  metric 
equivalent  should  be  given  side  by  side. 
We  are  interested  to  observe  that  this 
practice  has  been  adopted  in  a  recent 
catalogue  on  Lanterns  and  Reflectors 
issued  by  the  Wardle  Engineering  Co., 
Ltd.,  of  Manchester.  Dimensions  and 
weights  are  given  in  both  systems  and 
we  hope  that  this  enterprising  step  will 
be  adopted  by  other  makers  of  lamps 
and  lighting  accessories. 


A    NEW    YEAR'S    RESOLUTION. 

A  leaflet,  being  distributed  by  The 
Benjamin  Electric,  Ltd.,  bearing  the 
above  title,  emphasises  that  every  lamp 
installed  should  be  provided  with  the 
appropriate  reflector,  Benjamin  reflectors 
being  available  for  every  class  of  installa- 
tion. Attention  is  drawn,  to  the  new 
catalogue  entitled  "  Cause  and  Effect." 
which  was  recently  the  subject  of  com- 
ment in  these  columns. 


STREET  LIGHTING  IN  HACKNEY. 

We  are  informed  that  400  B.T.-H. 
"  Eff racta  "  lanterns  have  been  lately 
installed  for  the  street-lighting  of  Hack- 
ney and  that  ultimately  there  will  be  in 
use  500  of  these  units.  The  B.T.-H. 
"  Eff  racta  "  lantern,  was  described  in 
these  columns  some  time  ago.  Readers 
will  recall  that  it  utilises  a  special 
prismatic  glass  bowl-refractor  whereby 
the  light-rays  are  redirected  at  an  angle 
slightly  below  the  horizontal  (the  maxi- 
mum intensity  being  at  85°  with  the 
vertical),  thus  securing  the  requisite 
distribution  of  light  favourable  to  uniform 
illumination.  The  refractor  consists  of 
two  parts,  one  fitting  inside  the  other, 
both  the  inner  and  outer  surfaces  being 
smooth  and  easily  cleaned.  An  adjust- 
ment, enabling  the  lamp  filament  to  be 
brought  into  correct  focus,  is  provided. 
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PAINT  AND  ILLUMINATION. 

The  important  part  played 
by  paint  in  relation  to  the 
lighting  of  interiors  is  apt  to 
be  overlooked.  In  the  case 
of  indirect  and  semi-indirect 
installations  the  influence  of 
light  surroundings  is  naturally 
of  special  importance,  and  in 
some  cases  the  illumination 
on  the  working  plane  may 
be  increased  200  per  cent,  or 
more  simply  by  refinishing, 
with  a  good  quality  paint  of 
light  tint,  ceilings  which  have 
been  allowed  to  become  dis- 
coloured or  dirty.  lit  all 
lighting  installations,  however, 
the  effect  of  light  surround- 
ings in  increasing  the  work- 
ing illumination  is  more  or 
less  marked,  and  materially 
influences  the  "  co-efficient  of 
utilisation"  (i.e.,  the  percent- 
age of  the  total  light  from 
the  lamps  installed  received 
on  the  working  area).  But 
apart  from  this  increase  in 
illumination  the  appearance 
of  illuminated  objects  should  be  con- 
sidered. A  desk  covered  with  a  black 
surface,  for  example,  appears  a  badly 
lighted  object,  because  it  reflects  little 
light,  even  though  it  may  be  receiving 
quite  a  high  illumination  in  foot-candles. 


Table  of  Co-efficients  of  Utilisation.     (From  the  B.T.-H. 
Incandescent  Electric  Lamp  Handbook,  Xo.  1a). 


obtained  from  a  single  unit,  whereas  in 
dark  surroundings  it  could  only  be 
obtained  with  difficulty  by  using  a 
number  of  closely  spaced  lamps. 

The    "  co-efficient    of    utilisation  "    de- 


fined above  is  a  factor  of  great  importance 
A  room  papered  in  light  materials  appears  in  designing  lighting  installations,  and 
much   better  lighted   and  gives   a  more     it  is  interesting  to  note  that  the  Uluminat- 


cheerful  effect  than  one  covered  with  dark 
materials  absorbing  70  per  cent,  or  more 
of  the  light  they  receive. 

Yet  another  factor  influenced  by  the 
nature  of  surroundings  is  the  diffusion  of 
light.  C4ood  diffusion  and  soft  shadows 
are  the  result  of  light  coming  from  a 
number  of  different  directions  and  from 
a  relatively  large  illuminated  surface. 
If  the  walls  and  ceiling  are  light  in  tint 
satisfactory     diffusion     mav     often     be 


ing  Engineering  Department  of  the 
British  Thomson-Houston  Co.,  Ltd., 
have  published,  in  tabular  form,  a  series 
of  data  enabling  such  co-efficients  to  be 
determined,  having  due  regard  to  the 
nature  of  the  lighting  installation,  the 
colour  of  surroundings  and  the  dimensions 
of  the  interior.  Inquiries  on  this  matter 
should  be  addressed  to  the  British 
Thomson-Houston  Co.,  Ltd.,  at  Rugby, 
or  at  77,  Upper  Thames  Street,  London, 
EX. 4. 
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PUBLICATIONS     RECEIVED. 


Good  Lighting  as  an  Aid  to  "  Safety." 

A  technical  pamphlet  by  Mr.  L.  Gaster, 
recently  issued  by  the  British  Industrial 
"  Safety  First  "  Association  under  the 
above  title,  contains  some  readable  notes 
on  industrial  lighting  in  relation  to  health 
and  safety.  Instances  of  accidents  caused 
by  defective  lighting  are  given,  and  the 
value  of  good  illumination  in  relation  to 
health  ami  efficiency  is  illustrated  by 
practical  examples.  The  latter  half  of 
the  booklet  contains  some  general  notes 
on  the  fundamental  principles  of  lighting 
and  the  measures  necessary  to  obtain  it. 
A  feature  of  the  pamphlet  is  the  liberal 
use  of  illustrations.  Copies  may  be  ob- 
tained (price  sixpence)  on  application  to 
the  British  Industrial  "Safety  First" 
Association,  2-.'5.  The  Sanctuary,  West  - 
minster,  S.W.I 


The  Electrical  Engineer's  Diary.    {S.  Davis 
and  Co.,  London,  1920.     pp.  474.) 

Thk  Electrical  Engineer's  Diary  is  so 
well  known  to  our  leaders  that  there  is 
little  to  say  regarding  the  1920  issue. 
except  that  it  is  fully  up  to  the  level  of 
preceding  issues.  It  will  he  recalled  that 
illumination  is  dealt  with  in  a  special 
section,  an  important  feature  being  the 
treatment  of  industrial  lighting.  There  are 
also  notes  on  street  lighting,  car-lighting, 
and  searchlight  projectors.  In  the  various 
sections  dealing  with  electric  power  we 
have  again  the  method  of  division, 
enabling  the  needs  of  various  industrial 
processes,  mills,  etc.,  t»  be  quickly 
grasped  while  the  general  information  on 
electric  supply,  including  a  list  of  streets 
served  by  various  companies,  is  not  the 
least  useful  item  in  the  diary. 


Electrical     Development     Association 

Jiulletins. 

We  have  received  from  the  Electrical  De- 
velopment Association  (Hampden  House, 
Kingsway,  London,  W.C.),  a  series  of 
recently  issued  bulletins,  illustrating  the 
various  applications  of  electricity  in  daily 
life.  Of  chief  interest  is  a  pamphlet 
illustrating  attractive  methods  of  using 
electricity  for  shop-lighting,  and  we  are 
glad    to    see    that    stress    is    laid    on    the 


proper  use  of  lamps  in  lighting  shop- 
windows,  the  lighting  being  concentrated 
on  the  goods  instead  of  escaping  out  of 
the  window  to  daz/le  the  customers'  eves. 


Co-partnership  Souvenir  of  the  Great  War. 

The  Co-partnership-  Journal  has  issued 
a  special  January  number  comniemo- 
rating  the  part  played  by  members  of  the 
South  Metropolitan  Gas  Company  in  the 
great  War.  A  well-illustrated  series  of 
articles  deal  with  the-  many  applications 
of  gas  and  by-products  of  the  gas  industry 
for  war  purposes,  special  attention  being 
devoted  to  chemical  activities  at  the  im- 
portant works  at  East  Greenwich.  An- 
other article  gives  a  record  of  the  com- 
pany's fleet,  a  number  of  vessels  of  which 
were  unfortunately  lost,  while  others  had 
exciting  experiences.  Lists  of  the  mem- 
bers of  the  company  who  gained  dis- 
tinctions on  service  and  of  the  fallen  are 
appended.  Finally,  we  may  mention  the 
short  article  entitled  "After  the  War," 
in  which  a  copartner  gives  his  impres- 
sions and  emphasises  the  important  pari 
to  be  played  by  co-partnership  in  the 
scheme  of  reconstruction. 


American  Journalist*     in     Europe.     By 

H.    M.  Swetland.     (  Published    by    the 

United  Publishers'     Corporation,    Ncir 
York.) 

We  have  received  an  admirably  printed 
and  illustrated  volume  by  Mr.  H.  M. 
Swetland  (President  of  the  United  Pub- 
lishers' Corporation,  New  York),  which  is 
intended  to  serve  as  a  permanent  record 
of  the  visit  of  the  American  industrial 
technical  journalists  to  England  and 
France  as  guests  of  the  Ministry  of 
Information.  A  full  account  is  given  of 
the  experiences  of  the  party  when  study- 
ing industries  in  England  and  France, 
and  in  the  war-area,  and  of  the  various 
functions  which  they  attended.  A  report 
of  the  meeting  arranged  by  the  Circle  of 
Scientific,  Technical  and  Trade  Journalists 
at  the  Stationers'  Hall  on  December  18th, 
1918,  is  also  included.*  British  journal- 
ists will  cordially  reciprocate  the  desire 
expressed  for  closer  co-operation  between 
the  technical  press  in  both  countries. 

*  It.htmtnattno  Encuneer,  Dec,  1918,  p.  219. 
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A  Stud//  of  the  Performance  of  "  Night- 
Glasses,"  by  L.  C.  Martin  (Lecturer  in 
Technical  Optics,  Imperial  College  of 
Science  and  Technology),  issued  by  the 
Department  of  Scientific  and  Industrial 
Research,  15,  Gt.  George  Street,  West- 
minster, S.W.I. 


Dr.  Martin's  research  is  one  of  the 
fruits  of  the  newly  established  Technical 
Optics  Department  at  the  Imperial 
College  of  Science  and  Technology.  It 
has  long  been  known  that  some  forms  of 
telescopes  give  enhanced  visibility  at 
night  (in  spite  of  the  facts  that  the 
brightness  of  the  image  can  never  exceed 
that  of  the  object,  and  that  there  is 
necessarily  absorption  of  light  in  the 
telescope).  Dr.  Martin  has  attempted  a 
study  of  the  various  factors  which  affect 
the  problem,  which  include  the  size  of 
the  retinal  image,  its  definition,  size  and 
brightness,  and  the  sensitiveness  of  the 


eye.  A  relation  is  given  for  the  bright- 
ness of  the  image  and  various  diagrams 
illustrate  connection  with  illumination 
and  angular  subtense,  duration  of  im- 
pression, etc.  ;  the  effect  of  area  of 
background  and  condition  of  eye  are 
also  studied.  A  considerable  number  of 
useful  conclusions  are  drawn.  In  prac- 
tice a  compromise  between  different 
factors  is  often  necessary,  but  in  general 
a  power  of  5-6  with  the  largest  field 
of  view  possible  and  an  exit-pupil  of 
7-8  mm.  seem  desirable  in  a  hand 
instrument  for  night  use.  For  stand 
instruments  more  latitude  can  he  al- 
lowed and  a  magnifying  power  of  10  or 
more  may  sometimes  be  used  with 
advantage.  The  question  is  of  con- 
siderable importance  in  relation  to  stand 
telescopes  for  use  in  night  artillery  work. 
The  essence  of  the  problem  is  succinctly 
summarised  in  an  introductory  note  by 
the  Director  of  the  Department,  Mr. 
F.  J.  Cheshire. 
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DEPARTMENT    OF     SCIENTIFIC     AND 
INDUSTRIAL  RESEARCH. 

A  bulletin  recently  issued  by  the  above 
Department  contains  a  list  of  Research 
Associations  which  have  Keen  approved 
by  the  Department  as  complying  with 
the  conditions  laid  down  in  the  Govern- 
ment scheme  for  I  he  encouragement  of  in- 
dustrial research.  Thirteen  such  associa- 
tions have  been  actually  formed,  and  we 
observe  that  the  list  includes  association- 
dealing  respectively  with  scientific  instru- 
ments and  with  glass  research.  There 
are  also  four  other  research  associations 
approved  by  the  Department,  but  nol 
yet  licensed,  three  others  (including  the 
British  Electrical  and  Allied  Industries 
Research  Association),  whose  article-  of 
association  are  under  considerations  and 
three  more  whose  memorandum  and 
articles  of  association  are  now  being  pre- 
pared. 


RESEARCH    ASSOCIATION    OF   THE 
BRITISH    LAUNDERS'    INDUSTRY. 

We  understand  that  the  above  Research 
Association  has  been  approved  by  the 
Department  for  Scientific  and  Industrial 
Research  as  complying  wit  1 1  the  com  lit  ion- 
laid  down  by  the  Government  scheme  for 
the  encouragement  of  industrial  research. 
The  Secretary  of  the  Committee  engaged 
in  the  establishment  of  this  Association 
is  Mr.  .1.  .1.  Stark.  162-5,  Bank  Chambers, 
329,  High  Hoi  born,  W.C.2. 


BRITISH    INDUSTRIAL    "SAFETY 
FIRST  "  ASSOCIATION. 

Accident    Prevention    Gallant 
Conduct  Award. 

We  observe  that  the  British  Industrial 
"  Safety  First  "  Association  has  instituted 
an  Accident  Prevention  Gallant  Conduct 
Award,  in  order  to  recognise  conspicuous 
acts  of  gallantry  performed  in  the  pre- 
vention of  industrial  accidents  by  em- 
ployees of  members  of  the  Association. 
The  award  consists  of  a  silver  medal  with 
badge  attached.  Recommendations  should 
be  addressed  to  the  offices  of  the  Associa- 
tion (2-3,  The  Sanctuary,  Westminster, 
S.W.I.). 

First  Genkbax  Meeting. 

The  First  <  leneral  Meeting  of  the 
British  Industrial  "Safety  First" 
Association  is  being  held,  by  the  courtesy 
of  the  Rt.  Hon.  the  Lord  Mayor  (Sir 
E.  E.  Cooper),  at  the  Man-ion  Hous<  on 
the  afternoon  of  February  24th.  and  will 
be  followed  by  a  Dinner  at  the  Cafe 
Monico,  at  both  of  which  Lord  Leverhulme 
will  preside. 

Readers  will  join  tts  in  wishing  pro- 
sperity to  the  Association  on  the  occasion 
of  their  first  annual  gathering,  and  con- 
tinued success  in  the  good  work  in  which 
it  is  engaged. 


VOLUMETRIC  TESTING  OF  SCIENTIFIC 
GLASSWARE  AT  THE  NATIONAL 
PHYSICAL  LABORATORY. 

The  manufacture  of  volumetric  scientific 
glassware,  i.e.,  burettes,  pipettes,  etc.,  is 
an  industry  which  was  practically  non- 
existent in  this  country  before  the  war, 
but  has  since  been  developed.  In  order 
to  maintain  the  position  in  this  respect, 
accuracy  in  manufacture  is  of  great 
importance,  and  manufacturers  have 
now  available  at  the  National  Physical 
Laboratory  facilities  for  testing  such 
accuracy  on  a  scientific  basis.  Work  on 
a  small  scale  has  been  done  for  the  past 
fifteen  years,  but  a  new  building  has  just 
been  completed  at  the  Laboratory 
specially  equipped  for  this  purpose,  which 
will  doubtless  enable  operations  to  be 
considerably  extended. 

Full  particulars  may  be  obtained  on 
application  to  the  Director,  The  National 
Physical  Laboratory,  Teddington. 


SOME     ATTRACTIVE     SUBJECTS    FOR 
POPULAR    LECTURES. 

The  popular  lecture  is  undoubtedly 
capable  of  much  fuller  development  than 
in  the  past,  and  at  the  present  time  it 
has  perhaps  better  possibilities  than  for 
many  years  past.  We  notice  that  Mr. 
J.  P.  Maginnis  lias  prepared  a  series  on  a 
variety  of  interesting  subjects,  on  which 
he  has  special  knowledge,  and  is  prepared 
to  arrange  dates  with  secretaries  of 
societies,  college  principals,  public  schools 
and  others  interested.  The  lectures  are 
all  fully  illustrated  by  lantern  slides. 

Among  other  subjects  the  history  of 
the  manufacture  of  writing  implements, 
steel  pens,  reservoir,  stylographic  and 
fountain  pens,  sewing  needles,  pins,  and 
lead  pencils  are  mentioned.  Dates  are 
now  being  arranged  for  a  popular  histori- 
cal lecture  entitled,  "  When  Royalty 
dwelt  in  the  Strand."  Those  interested 
should  apply  to  Mr.  J.  P.  Maginnis, 
11,  Carteret  Street,  Westminster,  S.W.I. 


o 


•"-< 


ne 


m 


ILLUMINATING 
ENGINEER. 


Ld; 


Sdifed-  Ay^ 


■o 


LEON      CASTER^ 


THE  JOURNAL  OF  SCIENTIFIC 
ILLUMINATION. 

OFFICIAL    ORGAN    OF  THE 

illuminating  Engineering  Society. 

(Founded  in  London,   1909.) 

ILLUMINATING  ENGINEERING  PUBLISHING  COMPANY,  LTD.. 

32.  VICTORIA  STREET,  LONDON.  S.W.I. 

Tel.  No.  Victoria  5215. 


EDITORIAL. 

Colour-Matching  by  Natural   and  Artificial  Light. 

The  effect  of  light  of  different  colours  on  the  appearance  of  objects  of 
different  hue,  and  the  problem  of  imitating  artificially  the  tint  of  normal 
daylight,  has  been  discussed  before  the  Illuminating  Engineering  Society 
on  several  occasions  in  the  past — for  example,  in  the  discussion  on  Colour- 
Discrimination  by  Artificial  Light  opened  by  Mr.  T.  E.  Ritchie  in  1912, 
and  again  in  the  discussion  on  the  Lighting  of  Picture  Galleries  opened  by 
Professor  Silvanus  P.  Thompson  in  1914.  The  former  meeting  was  also 
notable  for  the  exhibition  of  the  special  colour-matching  unit,  involving 
the  application  of  a  combination  glass  and  tinted  gelatine  screen  with  an 
ordinary  vacuum  tungsten  lamp,  by  Dr.  Kenneth  Mees.  We  believe  that 
this  was  the  first  occasion  on  which  a  device  intended  to  produce  "  artificial 
daylight  "  from  an  incandescent  electric  lamp  was  shown  in  this  country, 
although  Professor  Gardner  had  already  produced  a  screen  of  this  nature 
for  use  with  the  arc  lamp.  Progress  in  this  field  was  recently  summarised 
by  Mr.  A.  P.  Trotter  in  an  able  contribution  to  the  Times  Engineering 
Supplement,  which  has  been  dealt  with  in  this  journal.* 

Since  the  date  of  these  discussions  before  the  Illuminating  Engineering 
Society  a  considerable  amount *of  work  on  artificial  daylight  has  been  done. 
Mr.  L.  C.  Martin,  in  his  paper  before  the  Society  on  Jan.  27th,  explained  in 

*  Illuminating  Engineer,  December,   191 9. 
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detail  the  investigations  leading  to  the  development  of  the  "  Sheringham  " 
daylight  device.  He  also  reviewed  the  principles  underlying  the  appearance 
of  colours  by  natural  and  artificial  light,  and  the  various  methods  of 
imitating  daylight  artificially.  Valuable  supplementary  contributions  to 
the  discussion  by  Mr.  M.  Luckiesh  and  Mr.  N.  Macbeth  summarise  develop- 
ments in  the  United  States,  where  great  progress  in  the  practical  use  of 
"  artificial  daylight  "  units  employing  special  tinted  glass  with  tungsten 
lamps   has  been  made. 

The  "  Sheringham  Daylight  "  is  interesting  as  the  result  of  the  com- 
bined work  of  a  physicist,  Mr.  L.  C.  Martin,  an  aitist,  Mr.  G.  Sheringham, 
and  an  expert  on  camouflage  problems,  Major  Klein.  The  method 
employed,  i.e.,  the  specific  colouration  of  light  by  reflection  from  a  surface 
covered  by  a  pattern  of  selected  hues,  marks  a  departure  from  the  practice 
almost  invariably  used  by  other  investigators,  namely,  the  use  of  a  tinted 
glass  or  gelatine  screen  with  a  view  to  effecting  the  desired  change  in  spectrum 
by  transmission.  According  to  Mr.  Martin,  the  efficiency  obtainable  when 
a  gas-filled  lamp  is  used  and  when  the  same  variety  of  daylight  is  imitated 
is  not  widely  different  in  the  two  cases.  The  fact  of  the  light  being  diffused 
from  a  relatively  large  surface  is  considered  an  advantage,  and  Mr.  Martin 
and  his  co-workers  have  evidently  taken  special  pains  to  secure  permanent 
colours,  such  as  will  not  readily  fade.  It  was,  however,  suggested  in  the 
discussion  that  in  course  of  time  the  reflecting  surface  might  be  affected  by 
ageing  through  deposits  of  dust,  etc.,  and  no  doubt  this  requires  to  be 
guarded  against. 

One  point  very  strikingly  brought  out  by  Mr.  Martin  is  the  variations 
that  occur  in  the  colour  of  daylight  itself.  Direct  sunlight,  diffused  day- 
light from  a  white  sky,  and  blue  skylight  are  by  no  means  the  same,  and  the 
exact  imitation  of  the  latter  involves  greater  difficulty  and  some  sacrifice  of 
efficiency.  In  view  of  these  variations  it  may  well  be,  as  suggested  by  Mr. 
Trotter  in  the  discussion,  that  for  most  ordinary  purposes  it  is  unnecessary 
to  aim  at  very  great  accuracy,  with  the  difficulties  and  loss  of  efficiency 
it  entails,  although  for  very  careful  colour-matching  work  a  close  resem- 
blance to  normal  daylight  is  doubtless  necessary. 

In  order  that  the  whole  subject  may  be  placed  upon  a  scientific  footing 
it  appears  essential  that  a  standard  of  "  Normal  "  daylight  should  be 
defined,  and  the  degree  of  accuracy  with  which  "  Artificial  daylight  "  units 
for  various  purposes  should  approach  this  standard  specified.  We  should 
also  like  to  see  a  systematic  comparison  of  the  various  systems  of  artificial 
daylight  available,  with  a  view  to  ascertaining  the  varieties  of  work  for 
which  each  is  most  suitable. 

Agreement  is  also  desirable  on  a  standard  white  surface,  and  a  corres- 
ponding system  of  colour-tints,  to  which  standard  nomenclature  should  be 
applied.  Such  a  series  of  colours  would  form  a  necessary  groundwork  of 
proper  scientific  treatment  of  colour-problems.  There  are  already  in 
existence  several  series  of  tints,  but  those  used  in  various  industries  are  by 
no  means  identical.  One  of  the  most  complete  of  these  is  the  series  prepared 
by  the  Societe  des  Chrysanthemistes  in  France,  bearing  names  of  colours 
in  four  languages  (English,  French,  German  and  Spanish). 

The  problems  outlined  above  are  complex  and  naturally  not  so  easily 
solved.  But  there  is  no  reason  why  this  should  not  be  done  in  course  of 
time,  and  the  Illuminating  Engineering  Society  would  gladly  co-operate 
with  those  industries  interested  (such  as  those  concerned  with  dyeing  and 
textile  operations)  in  researches  in  this  direction. 
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Apparatus  for  the  Analysis  and  Study  of  Colour. 

Closely  allied  to  the  problems  of  designing  lamps  and  lighting  appliances 
for  colour-matching  purposes  is  that  of  devising  apparatus  for  the  study 
of  coloured  surfaces.  This  was  dealt  with  in  some  detail  in  the  discussion 
before  the  Illuminating  Engineering  Society  in  1912,  but  there  have  since 
been  various  forms  of  new  or  improved  apparatus  and  methods  devised. 
Apparatus  of  this  kind  is  primarily  intended  to  enable  any  desired  colour 
to  be  imitated  or  reproduced  ;  or  it  may  serve  the  purpose  of  ascertaining 
how  closely  two  sources  approach  each  other  as  regards  the  colour  of  their 
light  by  analysis  of  their  spectra.  There  are  also  various  subsidiary  methods 
by  which  indirect  inferences  regarding  colour-revealing  properties  may  be 
drawn. 

The  two  forms  of  apparatus  shown  at  the  meeting  of  the  Illuminating 
Engineering  Society  aimed  at  the  imitation  of  coloured  surfaces.  The 
well-known  "  Tintometer  "  achieves  this  by  the  combination  of  a  wide 
range  of  glasses  of  various  tints  by  the  aid  of  which  any  desired  hue  may  be 
matched  and  subsequently  reproduced.  In  the  colorimeter  shown  by  Mr. 
Bawtree  the  method  of  combining,  in  suitable  proportions,  the  light  trans- 
mitted several  gelatines  of  standard  colours,  so  as  to  form  a  composite 
colour-patch,  was  adopted.  In  this  case  a  gas-filled  lamp  was  used,  and  one 
would  imagine  that  the  choice  and  control  of  this  lamp  would  be  of  some 
importance  for  accurate  work,  as  variations  in  voltage,  or  ageing  of  the  lamp 
might  influence  the  colour  of  its  light. 

In  order  to  make  a  comparison  between  artificial  and  natural  daylight 
we  may  rely  upon  the  appearance  of  delicate  colours  placed  side  by  side 
and  illuminated  by  the  two  sources.  As  Mr.  Trotter  remarked  in  the 
discussion,  it  is  important  that  there  should  be  only  a  fine  line  of  division 
between  the  two  areas  compared — a  principle  which  is  also  the  key  to  success 
in  photometry.  For  a  very  accurate  comparison  it  is  doubtful  if  there  is 
any  apparatus  that  exceeds  in  refinement  the  spectrophotometer,  although 
much  valuable  information  can  be  gained  by  a  study  of  the  distribution  of 
radiation  in  the  spectrum  by  the  thermopile  or  similar  means.  This, 
however,  is  essentially  a  laboratory  method,  requiring  skilful  application. 

Other  supplementary  methods  include  the  examination  of  the  amount 
of  light  reflected  by  a  series  of  coloured  surfaces  respectively  by  natural 
and  artificial  light.  Any  marked  variation  in  the  percentages  of  reflected 
light  would  be  considered  evidence  of  a  departure  from  the  spectrum  of 
natural  light.  Yet  another  method,  which,  however,  admittedly  presents 
great  difficulties,  is  the  use  of  photographs  with  special  panchromatic 
plates. 

( )n  the  whole  it  may  be  said  that  much  remains  to  be  done  before  we 
can  present  an  absolutely  reliable,  simple  and  inexpensive  apparatus  for 
testing  colours.  With  the  growth  of  interest  in  these  problems  there  should 
be  a  demand  for  such  apparatus,  which  may  lead  to  developments  towards 
simplicity,  similar  to  those  that  have  taken  place  in  illumination  photo- 
meters. But,  just  as  in  judging  the  brightness  of  illuminants,  we  shall 
always  have  to  interpret  the  records  of  instruments  with  reference  to  the 
impressions  received  by  the  eye,  and  in  this  field,  too,  there  is  much  to  be 
done  in  studying  the  differences  in  the  colour-vision  of  the  individual, 
and  the  manner  in  which  judgment  may  be  affected  by  other  adjacent 
coloured  surfaces  by  the  past  history  of  the  eye,  and  other  factors. 
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The  Care  of  the  Printer's  Eyesight. 

A  recent  issue  of  the  Dioptric  Bulletin  contains  a  summary  of  the  lecture 
delivered  by  Mr.  J.  H.  Sutcliffe  on  the  above  subject  in  December  last, 
forming  one  of  the  St.  Bride  Foundation  Printing  School  monthly  lectures. 
As  Superintendent  of  the  Army  Spectacle  Depot,  Mr.  Sutcliffe  has  had 
special  opportunities  of  observing  the  conditions  of  eyesight  of  large  masses 
of  men,  and  his  acquaintance  with  printing  processes  enabled  him  to  enter 
fully  into  the  requirements  of  the  compositor. 

Speaking  of  his  work  in  connection  with  the  Army  Spectacle  Depot, 
Mr.  Sutcliffe  said  it  had  been  found  that  as  many  as  350,000  men  in  the 
new  army  were  in  actual  need  of  glasses.  To  the  printer  eyesight  was  of 
vital  importance  ;  he  might  have  other  defects  and  yet  do  his  work  well, 
but  if  his  eyesight  failed  his  livelihood  was  gone.  He  suggested  that  all 
those  entering  the  trade  should  have  their  eyes  tested,  both  for  acuteness 
and  colour-perception.  Thus  slight  defects  and  tendencies,  which  might 
afterwards  prove  a  serious  handicap,  could  be  detected  in  time. 

In  the  course  of  the  discussion  some  reference  was  made  to  lighting 
problems,  though  we  should  like  to  have  heard  more  of  the  views  of  printers 
on  this  subject,  seeing  that  lighting  has  so  much  to  do  with  the  care  of  the 
eyes.  It  was  suggested,  however,  that  both  general  and  local  lighting  had 
their  proper  sphere.  A  method  of  mounting  the  lamps  inside  cases  set 
above  the  compositor's  racks,  so  that  the  light  was  completely  screened 
from  the  eyes  of  the  worker,  was  spoken  of  with  approval,  and  reference 
was  also  made  to  the  value  of  artificial  daylight  units  for  colour-printing 
work.  Mr.  Sutcliffe  recommended  the  practice,  common  in  American 
printing  works,  of  using  small  green  celluloid  screens  attached  to  the  fore- 
head to  shade  the  eyes.  Speaking  generally,  one  might  say  that  a  system 
of  lighting  which  makes  the  use  of  such  shades  necessary  would  be  an 
imperfect  one,  as  the  presence  of  some  degree  of  glare  is  implied.  On  the 
other  hand  the  nature  of  the  occupation  needs  to  be  considered.  Eyes  that 
have  become  fatigued  are  highly  sensitive  to  light,  and  may  find  glare  in 
conditions  quite  agreeable  for  less  arduous  work.  The  use  of  eye-shades 
by  people  engaged  on  work  that  is  very  trying  to  the  eyes  deserves  notice, 
and  it  is  common  experience  that  in  such  cases  relief  is  afforded  by  shading 
the  eyes  with  the  hand.  The  effect  may  be  a  matter  of  contrast,  and  the 
point  is  one  that  deserves  study  by  physiologists. 

Another  point  strongly  emphasised  by  the  lecturer  was  the  choice  of  a 
good  type,  easily  read.  In  the  interests  of  vision  we  think  that  a  limit 
might  well  be  set  to  the  smallness  of  type  used  for  printed  matter.  We  are 
aware  that  conditions  of  economy  may  be  considered  to  justify  such  small 
type  in  some  cases  ;  but  anything  which  is  worth  printing  should  be  set  in 
type  that  is  clearly  legible,  and  does  not  involve  eyestrain.  Mr.  Sutcliffe 
contended  that  newspaper  proprietors  would  find  it  to  their  interest  to  use 
a  good  bold  type  and  the  whitest  non-glossy  paper,  as  the  ease  with  which 
a  paper  could  be  read  had  a  great  influence  on  the  choice  of  a  newspaper  by 
the  public.  The  selection  of  type  was  not  merely  a  matter  of  size.  Most 
English  readers  would  find  the  longer  type  used  in  French  newspapers  trying, 
and  it  was  well  known  that  the  Gothic  characters  formerly  in  general  use 
in  Germany  were  also  prejudicial  to  eyesight. 

Leon  Gaster, 
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The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


COLOUR-MATCHING    BY    NATURAL    AND 
ARTIFICIAL    LIGHT. 

(Proceedings  at  a   meeting  of  the  Society,  held  at  the   House  of  the  Royal  Society  of  Arts, 
IS,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.  on  Tuesday.  January  27th,   1920). 


A  meeting  of  the  Society  was  held 
at  the  House  of  the  Royal  Society  of 
Arts  (18,  John  Street,  Adelphi.  London, 
W.C.),  at  8  p.m.,  on  Tuesday,  January 
27th,  The  President  (Mr.  A.  P.  Trotter) 
in  the  Chair. 

The  minutes  of  the  last  meeting  having 
been  taken  as  read  the  Hon.  Secretary 
read  out  the  names  of  new  applicants 
for  membership  as  follow-  : 

Ordinary  Members  : — 
Carey,  H.  J.   P. 

Fletcher,   O.   K. 

( libson,  H.  C. 

Mitton,  A.  F. 

Ottewell,  B. 


The  names  of  applicants  announced 
at  the  last  meeting  of  the  Society*  were 
read  for  the  second  time  and  these 
applicants  were  formally  declared  mem- 
bers  of  the  Society.  The  Hox.  Secretary, 
in  referring  to  the  nomination  of  Dr. 
G.  Yamakawa.  the  first  President  of 
the  Japanese  Illuminating  Engineering 
Society,  as  an  honorary  member,  ex- 
pressed  the   hope   that    there   would   be 


Wyatt,  A.  W. 

Associates  : — 

Llewellyn,  Dr.  T.  Lister,  M.D. 

Souter,  Dr.  W.  C,  M.D. 

Wilson,  H.  C. 


Assistant,  City  of  Birmingham  Electric 
Supply  Department. 

Technical  Assistant  to  Consulting  Engineer, 
73,  Duke  Street,  Darlington. 

Electrical  Engineer,  Oldestede,  W.  Sitting- 
bourne.. 

Engineer,  Carlton  Buildings,  35,  Paradise 
Street,  Birmingham. 

Illuminating  Engineering  Department, 
British  Thomson-Houston  Co..  Ltd., 
Birmingham. 

Engineer,  The  Stock  Exchange,  London. 


Medical     Inspector,     35,     London      Koad, 

Newcastle,  Staffs. 
Physician,  2,  Bon  Accord,  Aberdeen. 
Student,  Faraday  House. 


*  Illum.  Eng..  Jan.  1920,  p.  5. 
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many     opportunities     for     fruitful      co- 
operation between  the  two  bodies. 

The  President  then  called  upon  Mr. 
L.  C.  Martin,  of  the  Imperial  College 
of  Science,  to  read  his  papei  on  "  Colour- 
Matching  by  Natural  and  Artificial 
Light."  The  early  part  of  the  paper, 
which  was  illustrated  by  lantern  slides, 
was  devoted  to  a  discussion  of  the  various 
factors  affecting  the  appearance  of 
coloured  surfaces,  and  an  analysis  of 
the  spectrum  distribution  of  various 
illuniinants.  The  author  then  proceeded 
to  summarise  the  different  attempts  to 
produce  "  Artificial  Daylight."  He  con- 
cluded by  a  full  account  of  the  Shering- 
ham  Daylight,  which  was  exhibited, 
types  of  shades  suitable  both  for  a  blue 
skylight  and  for  diffused  sunlight  being 
shown. 

Tim  Hon.  Assistant  Secretary  (Mr. 
J.  S.  Dow)  then  presented  two  written 
communications  to  the  discussion  from 
Professor  \Y.  Gardner,  of  the  Bradford 
Technical  College,  and  Mr.  M.  Luckiesb 
of  the  X.E.L.A.  works  at  Cleveland. 
U.S.A.  Professor  Gardneb  described  the 
form  of  arc  lamp,  equipped  with  a 
special  colour-screen,  and  devised  by 
him  for  colour-matching  work  many 
years  ago,  and  Mr.  LuCKlESH  gave  an 
account,  illustrated  by  photographs, 
showing  the  development  of  artificial 
daylight  units  in  the  United  States. 


Mr.  A.  E.  Bawtree  described  a  form 
of  colorimeter,  by  the  aid  of  which  any 
colour-tint  could  be  matched  by  a 
combination  of  red,  green  and  blue  light, 
obtained  by  transmission  in  specified 
proportions  of  light  through  tinted 
gelatines.  Miss  F.  E.  Baker  showed 
a  form  of  lamp  devised  for  use  with 
Lovibond's  Tintometer,  and  also  a  port- 
aide  form  of  tintometer  apparatus.  Mr. 
G.  Herbert  exhibited  the  form  of  day- 
light unit  first  shown  before  the  Society 
by  Dr.  K.  Mees  in  1912. 

The  discussion  was  of  a  varied  nature, 
the  President  mentioning  that  invita- 
tions to  be  present  had  been  extended  to 
members  of  the  Textile  Institute,  the 
Society  of  Dyers  and  Colourists,  and  the 
Paint  and  Varnish  Society.  In  the 
discussion  Mr.  A.  S.  Jennings.  Dr.  J.  F. 
Crowley,  Mr.  R.  Sutcliffe,  Mr.  W. 
Wallace,  Mr.  F.  E.  Lamplough,  Mr.  L. 
GrASTER,  Mr.  G.  Sheringham  and  the 
President  took  part,  and  Mr.  Martin 
briefly  replied  to  the  various  com- 
ments. 

A  vote  of  thanks  to  Mr.  Martin  and 
the  other  exhibitors  concluded  the  pro- 
ceedings, the  President  announcing 
that  the  next  meeting  would  be  held  at 
8  p.m.  on  Tuesday,  February  24th,  when 
a  discussion  on  "Illumination  in  Mines, 
with  special  reference  to  the  Eyesight 
of  Miners  "  would  be  opened  by  Dr.  T. 
Lister  Llewelyn. 


©bituan>. 

COMM.  ING.  LUIGI  PONTIGGIA. 


We  learn  with  great  regret  of  the 
recent  death  of  Sig.  (Coram.  Ing.)  Luigi 
Pontiggia,  the  Director  of  the  Association 
for  the  Prevention  of  Industrial  Acci- 
dents (Associazione  degli  Industriali 
d 'Italia  per  Pre  venire  gli  Infortuni  del 
Lavoro)  in  Milan.  Under  the  guidance 
of  Sig.  Pontiggia  the  Association  has  done 
most  valuable  work  in  this  field,  and  he 
has  been  largely  responsible  for  the 
interest  taken  in  these  matters  in  Italy. 

Sig.   L.   Pontiggia  was  also  the  acting 
President  of  the   First   Congress  for  the 


Prevention  of  Industrial  Accidents,  which 
took  place  in  Milan  in  May,  1912,  and  at 
which  the  importance  of  good  illumina- 
tion, in  the  interests  of  health  and  safety, 
was  strongly  emphasised,  several  papers 
being  read  on  the  subject.  Subsequent 
to  the  Congress,  at  which  the  Illuminating 
Engineering  Society  was  represented, 
Sig.  Pontiggia  was  nominated  an  Honor- 
ary Member  of  the  Society,  in  which  he 
took  a  sympathetic  interest,  as  in  all 
movements  concerned  with  industrial 
hygiene  and  the  prevention  of  accidents 
in  factories. 
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COLOUR-MATCHING    BY    NATURAL    AND 
ARTIFICIAL    LIGHT. 

By  L.  C.  Martin,  D.I.C.,  A.E.C.S.,  B.Sc. 

{Lecturer  in  the  Optical  Engineering  Department  of  the  Imperial  College  of 
Science  and  Technology.) 

(Paper  delivered  at  the  meeting  of  the  Illuminating  Engineering  Society  held  at  the  House 
of  the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.,  on 
Tuesday,  January  27th,   1920.) 


(1)  The  Nature  of  Light  and  Colour. 

A  considerable  amount  of  literature 
dealing  with  this  and  allied  subjects  is 
now  available,  and  it  is  not  too  much  to 
say  that  the  whole  subject  of  the  pro- 
duction of  "  artificial  daylight  "  has  been 
placed  on  a  comparatively  well  recognised 
quantitative  basis.  For  a  very  con- 
venient summary  the  chapter  on  "  Colour 
in  Lighting "  in  Luckiesh's  admirable 
book  on  Colour  may  be  consulted.  It 
may  not  be  out  of  place  however  to  sum- 
marise some  of  the  main  points,  using 
throughout  the  terminology  of  the  wave 
theory  of  light. 

To  begin  with  then,  colour  is  a  human 
experience  which  is  produced  by  the 
effects  of  light  on  the  eyes.  We  are 
accustomed  to  speak  of  the  light  derived 
from  some  very  hot  bodies  (such  as  the 
sun)  as  white.  Such  white  light  may  be 
"  dispersed  "  by  refraction  or  diffraction 
when  effects  of  colour  are  produced. 
By  optical  means  the  coloured  lights  may 
be  recombined,  and  the  resultant  light 
gives  the  sensation  of  white.  If  however 
any  considerable  part  of  the  coloured 
components  is  removed  and  prevented 
from  recombining  with  the  rest,  the 
resultant  will  no  longer  appear  white, 
but  will  be  of  a  colour  which  is  called 
"  complementary  "  to  the  remainder  now 
absent.  Objects  in  the  world  around  us 
are  seen  by  their  reflection,  scattering, 
and  transmission  of  light,  and  almost 
always  this  is  accompanied  by  the  loss 
of  some  of  the  components  of  the  light, 


the  remainder  which  reaches  the  eye  then 
possessing  the  characteristic  appearance 
known  as  colour.  The  fine  particles  in  the 
upper  atmosphere  respond  to  the  light 
and  become  themselves  new  sources  of 
radiation  :  but  this  response  is  smaller 
in  the  red  end  of  the  spectrum,  so  that  a 
greater  proportion  of  the  red  com- 
ponents of  the  light  travel  outwards  into 
space  and  are  lost,  while  an  amount  of 
light  becoming  greater  with  decreasing 
wave  length  is  returned  from  these  par- 
ticles, giving  the  appearance  of  the  blue 
of  the  sky.  An  imitation  of  this  effect 
can  easily  be  made  experimentally  by 
the  scattering  of  light  from  fine  pre- 
cipitates, thus  providing  the  most  obvious 
means  of  obtaining  an  artificial  daylight. 
We  must  not  forget  that  it  is  the  brain 
which  sees,  and  that  colour  perception 
and  recognition  is  very  largely  a  matter 
of  practice,  needing  special  training. 
Few  persons  realise  the  tremendous 
differences  in  colour  produced  by  the 
change  from  blue  sky  light  to  sunlight 
which  is  so  commonly  seen  in  the  shadows 
on  a  sunny  day.  To  a  large  extent  the 
colour  interpretation  of  an  untrained 
observer  is  a  matter  of  self  suggestion, 
hence  the  method  of  recognising  colours 
in  a  landscape  by  looking  at  them  through 
a  small  hole  in  a  screen,  so  that  the  artist 
forgetting  what  it  is  that  he  sees  may  come 
to  some  approximation  of  its  true  appear- 
ance. 

Thus  it  is  that  the  light  of  artificial 
illuminants  generally  gives  the  sensation 
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ot  whiteness.  It  is  not  until  they  are 
seen  in  simultaneous  contrast  with  sun- 
light or  skylight  that  their  colour  is 
noticed.  At  this  stage  it  may  be  useful 
to  study  the  physical  differences  in  the 
spectra  of  various  illuminants,  as  far  as 
energy  distribution  is  concerned.  The 
effects  of  increasing  the  temperature  on 
the  spectrum  of  a  "  black  body "  or 
perfect  radiator  have  been  studied  by 
Luminer  and  Kurlbaum.  They  have 
shown  that  the  position  of  maximum 
energy  in  the  spectrum  tends  to  shift  into 
the  regions  of  shorter  wave  lengths  as  the 
temperature  rises.  The  radiation  of  the 
sun  corresponds  approximately  to  that 
from  a  black  body  at  5000°  C,  a  tem- 
perature at  present  impossible  on  the  earth 
in  any  of  our  artificial  illuminants. 
Certain  substances  however  possess  the 
property  of  radiating  a  greater  proportion 
of  energy  in  the  shorter  wave  lengths  than 
would  be  emitted  by  a  perfect  radiator. 
Thus  in  spite  of  the  fact  that  the  tem- 
perature of  an  incandescent  gas  mantle 
is  not  very  high  (comparatively  speaking) 
mantles  of  certain  composition  radiate  a 
light  which  appears  green  or  blue  com- 
pared to  the  light  from  other  artificial 
sources,  and  1  have  been  told  that  incan- 
descent gas  is  more  satisfactory  for  paint- 
ing at  night  than  electric  lamps. 

Naturally  any  increase  of  temperature 


0-5  OT. 

Wave  length, 

Fio.  1. — Distribution  of  Energy, 

(1)  Gas-filled  lamp.     (2)  Sunlight. 
(3)  Blii^  Skylight. 

of  the  sources  brings  the  energy  distribu- 
tion nearer  to  that  of  sunlight.     Fig.  1  is 


founded  on  data  quoted  by  Luckiesh. 
The  curves  for  clear  noon  sunlight  and 
blue  skylight  are  shown  and  were 
obtained  by  Ives  as  the  weighted  mean 
of  the  results  of  several  observers.  The 
figures  apparently  apply  to  light  reaching 
the  earth's  surface  after  passing  through 
the  minimum  possible  thickness  of  atmos- 
phere, but  the  effects  of  an  obbque  path 
and  increased  thickness  will  be  greatly  to 
modify  the  relative  intensities  of  the 
various  wave  lengths  in  sunlight  as  well 
as  the  apparent  intensity  of  the  light 
itself.  Abney  gives  interesting  data 
calculated  on  the  basis  of  Lord  Rayleigh's 
formula  for  the  intensity  of  the  scattered 
light 
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where  I'  and  I  are  the  intensities  of  the 
scattered  and  incident  light  respectively. 
He  has  found  by  experiment  that  the 
index  n  is  proportional  to  the  barometric 
pressure. 

If  sunlight  varies  it  follows  that  its 
complement  must  vary  also :  thus  it 
seems  clear  that  it  is  very  difficult  to  fore- 
cast the  energy  distribution  at  any  par- 
ticular time.  The  effects  of  daylight  are 
complicated  also  by  reflection  from,  and 
transmission  through  clouds  and  naturally 
such  effects  are  quite  outside  the  possi- 
bilities of  standardisation. 

While  the  foregoing  remarks  are  quite 
true  it  is  nevertheless  the  case  that  certain 
broad  distinctions  remain.  Thus  in  the 
light  from  a  north  window,  provided  that 
fogs  or  pink  clouds,  etc.  are  absent,  the 
distribution  of  energy  will  probably  lie 
somewhere  between  that  of  sunlight  and 
blue  sky,  as  shown  in  the  diagram.  As  a 
residt  general  observation  the  energy 
intensity  of  the  blue  will  at  least  be 
greater  than  that  of  the  red,  and  some- 
tin  ins  about  two  to  three  times  as  much. 
This  appears  from  the  work  of  Nichols.* 

A  glance  at  the  curves  for  other 
artificial  sources  reveals  enormous  differ- 
ences from  daylight.  The  intensity 
maximum  generally  lies  far  in  the  infra- 
red and  it  is  only  the  effect  of  the  eye 
which  produces  an  apparent  whiteness 
of  the  light.  In  spite  of  the  discrepancies 
of  the  energy  distribution  the  maximum 

*  Phys.  Rev.,  Vols.  26  and  28.  Nichols  finds 
that  many  overcast  skies  differ  little  from  blue 
skies  in  the  quality  of  the  light. 
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visual  luminosity  for  ordinary  sources  of 
light  is  generally  confined  to  a  compara- 
tively narrow  region  of  the  spectrum. 
Also  when  the  eye  is  accustomed  to  a 
particular  light  it  tends  to  receive  an 
increasing  impression  of  whiteness,  such 
an  effect  being  familiar  to  persons  using 
a  ruby  lamp.  The  consciousness  of  the 
extreme  "redness  of  the  light  diminishes. 
With  increasing  intensity  of  a  coloured 
light  also  the  sensation  of  colour 
diminishes,  the  general  effect  tending  to 
whiteness. 

(2)  Coloured  objects,  and  effects  of 
different  illuminants. 

It  is  common  knowledge  that  all 
colours  with  the  exception  of  the  purples 
are  found  in  the  spectrum,  different  effects 
being  produced  by  dilution  with  white 
and  varying  the  intensity.  The  purples 
are  produced  by  the  combination  of  red 
and  blue  light :  these  must  be  distin- 
guished from  spectral  violet,  which  can, 
of  course,  be  matched  by  red  and  blue, 
but  which  is  itself  a  homogenous  radiation. 
In  the  great  majority  of  cases  the  absorp- 
tion or  reflection  spectra  of  coloured 
objects  are  comparatively  simple.  In  the 
case  of  colours  seen  by  reflected  light 
(the  most  usual  case)  the  light  often 
penetrates  into  the  surface  layers  of  the 
material,  thus  undergoing  absorption 
effects,  with  the  exception  of  a  smaller 
and  varying  amount  of  which  does  not 
penetrate  at  all,  and  may  undergo  diffuse 
or  specular  reflection  according  to  the 
state  of  the  surface.  Sometimes  the  light 
penetrates  through  a  layer  of  absorbing 
matter  before  being  reflected  at  an 
interior  white  surface  as  in  the  case  of  a 
thin  layer  of  pigment  or  dye  coated  upon 
white  paper.  In  the  case  of  solid  pig- 
ments, however,  the  colour  is  mainly 
produced  by  the  surface  layers  of  the 
pigment  grains.  A  great  deal  of  work 
on  the  absorption  spectra  of  various  dyes 
has  been  performed,  and  results  have 
been  published  notably  by  Uhler  and 
Wood  and  by  Mees.  In  a  great  number 
of  cases  the  material  transmits  but  a 
narrow  range  of  the  spectrum,  and  if  this 
is  so  no  great  change  in  the  colour  of  the 
object  is  to  be  anticipated  when  the 
illuminant  is  changed,  although  the 
"  value  "  or  brightness  of  the  colour  may 


alter,  as  the  wave  length  of  light  is  not 
altered  by  transmission. 

Take,  however,  the  case  of  a  purple 
material  which  reflects  blue  and  red 
equally  well.  Light  from  a  north  window 
may  give  rise  to  a  reflected  light  from  the 
purple  containing  blue  and  red  in  the 
proportion  of  two  to  one,  whereas  when 
a  gas-tilled  tungsten  lamp  is  employed  the 
proportions  may  change  to  two  to  six, 
thus  producing  the  reddish  appearance 
so  common  to  violets  and  purples  under 
artificial  light.  Generally  speaking,  the 
most  violent  changes  are  found  in 
materials  which  produce  their  effects 
subjectively  by  the  union  of  two  or  three 
parts  of  the  spectrum,  other  parts  being 
missing,  or  of  low  intensity. 
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Fig.  2. — Showing  Spectral    Reflection  of    two 
special  fabrics,  (1)  and  (2). 

Fig.  2  shows  the  spectral  reflection 
coefficients  of  two  coloured  fabrics  which 
exhibit  extraordinary  changes  under 
artificial  light  as  compared  to  daylight. 
I  am  indebted  to  Mr.  Walker,  of  Messrs. 
Eastman,  Ltd.,  for  the  loan  of  these 
fabrics  for  measurement.  The  curves 
were  obtained  by  means  of  Abney's 
colour  patch  apparatus. 

(1)  is  dyed  with  Benzyl  Violet 
5  B.N.  and  Quinoline  Yellow,  and 
in  blue  sky  light  it  is  of  a  moss  green 
colour  but  in  artificial  light  it  becomes 
quite  brown. 

(2)  is  dyed  with  Benzyl  Violet  5BN, 
Formyl  Violet  10B,  and  Quinoline 
Yellow  ;  in  blue  skylight  it  matches 
fairly  well  with  a  very  dark  navy  blue, 
although  a  suggestion  of  a  wanner  tinge 
is  present.  In  artificial  light  it  is  quite 
a  dull  red  in  colour. 

The  reason  for  these  changes  will  be 
understood  when  the  curves  are  studied. 
As  a  matter  of  fact  these  fabrics  exhibit 
a  kind  of  intermediate  effect  when  viewed 
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in  sunlight  (in  winter  sunlight  at  least), 
and  the  slightest  suggestion  of  a  fog  will 
cause  colours  like  No.  2  to  change  their 
hue  to  the  eye. 

I  am  also  indebted  to  Mr.  Wilkinson 
of  the  Bradford  Dyers'  Association,  Ltd., 
for  a  selection  of  fabrics  dyed  with  some- 
what similar  combinations,  which  exhibit 
violent  changes  from  daylight  to  artificial 
light.  When  examining  some  such  sensi- 
tive tests  the  effect  of  the  "  yellow  spot  " 
of  the  eye  is  often  extremely  marked. 
This  pigmentation  of  the  "  macula  lutea  " 
causes  an  effect  similar  to  a  local  illumin- 
ation of  the  object  by  artiiicial  light 
immediately  at  the  point  under  examin- 
ation A  darker  patch  seems  to  follow 
the  point  at  which  vision  is  directed,  the 
remainder  of  the  fabric  appearing  quite 
different  in  colour.  Colour  matching 
under  such  conditions  is  extremely 
difficult. 

In  passing  it  occurs  to  me  to  suggest 
that  this  pigmentation  of  the  macula 
lutea  is  really  for  the  purpose  of  sharpen- 
ing up  the  retinal  image  which  otherwise 
would  show  quite  noticeable  amounts  of 
blue  and  violet  haze  owing  to  the  well- 
known  chromatic  aberrations  of  the  eye. 

Fabrics  such  as  these  are  extraordinarily 
sensitive  tests  of  artificial  illuminants 
intended  to  represent  daylight,  and  for 
such  I  believe  the  presence  of  spectral 
violet  to  be  of  importance. 

Generally  speaking  there  is  a  curiously 
unsatisfactory  appearance  even  in 
"  strong "'  colours  under  artificial  light 
(except  the  reds).  Beyond  the  colour 
distortion  there  is  an  effect  of  curious 
weakness  which  is  explained  by  the 
surface  reflection  previously  noted.  This 
reflected  light,  which  undergoes  no  colour 
modification,  is  strong  in  comparison 
with  the  weak  light  which  actually  under- 
goes transmission  in  the  surface  layers  of 
the  object.  Absence  of  violet  in  an 
artificial  daylight  gives  such  a  flat 
appearance  to  violet  fabrics,  though  the 
colour  may  be  correctly  rendered. 

(3)  Production  of  Artificial  Daylight  from 
Gas-filled  Lamps. 

As  the  subject  has  been  treated  fairly 
fully  by  Luckiesh,  little  need  be  said 
here.  Fig.  1  shows  the  energy  distri- 
bution in  the  spectrum  of  the  light, 
and    the   shaded    portions   represent   the 


amounts  which  must  be  absorbed  or 
removed  from  the  longer  wave  lengths  in 
order  to  produce  a  relative  energy  dis- 
tribution similar  to  that  in  blue  sky  light 
and  in  sunlight.  The  transmission  factors 
of  absorption  screens  or  the  reflection 
coefficients  of  ideal  reflectors  to  produce 
the  necessary  correction  are  easily  cal- 
culated. As  for  "  luminous  efficiencies  " 
where  the  correction  commences  at  0"45/u 
the  transmission  efficiency  considered 
alone  is  reduced  to  33  per  cent,  for  sun- 
light and  19  per  cent,  for  blue  sky  light 
(for  a  gas-filled  lamp  working  at  22  lumens 
per  watt).  In  practice  an  efficiency  of 
about  14  per  cent,  is  realised,  but  it  is 
not  clear  whether  this  figure  relates  'to 
the  whole  unit  or  to  the  transmission 
screen  alone.  This  figure  of  course 
relates  to  the  "  blue  sky  "  unit.  For  a 
sunlight  effect  the  efficiency  is  greater, 
but  must  naturally  fall  considerably 
short  of  the  ideal  (33  per  cent.)  in  an 
actual  unit  unless  the  accuracy  of  the 
correction  is  dispensed  with.  If  an 
improvement  in  the  quality  is  all  that  is 
desired  naturally  any  sort  of  luminous 
efficiency  can  be  claimed,  but  such  units 
would  totally  distort  the  appearance  of 
most  of  the  sensitive  colours,  although 
producing  an  improvement  in  the  value 
of  blues  and  greens,  etc. 

Thus  extreme  care  is  needed  in  com- 
paring more  luminous  efficiencies  as  such 
unless  it  is  assured  that  the  unit  to  be 
compared  aim  at  the  same  type  of  cor- 
rection. It  has  recently  been  cited  as 
an  objection  to  the  Sheringham  lamp 
that  in  efficiency  it  compared  unfavour- 
ably with  units  developed  in  America 
possessing  a  60  per  cent,  efficiency.  We 
are  told  nothing  of  the  type  of  correction 
of  these  units,  but  it  is  obvious  that  if 
they  depend  on  transmission  screens  they 
cannot  even  approach  a  true  sunlight 
quality,  far  less  a  blue  sky,  and  therefore 
should  hardly  be  compared  with  units 
that  attempt  to  do  so. 

Furthermore,  an  unreserved  discussion 
of  luminous  efficiency  deliberately  neglects 
to  consider  the  important  question  of 
adaptation.  When  the  excessive  red  and 
yellow  intensity  of  an  artificial  illuminant 
is  removed  the  eye  adapts  itself  to  the 
new  conditions,  and  the  light  may  appear 
to  be  relatively  far  brighter  than  the 
figures  would  suggest      This  applies  more 
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especially  to  the  shorter  wave  lengths 
which  thus  obtain  a  kind  of  subjective 
as  well  as  an  objective  lift  in  value.  It 
is  no  use  to  proceed  on  the  assumption 
that  the  eye  is  a  kind  of  photometer. 
The  measure  of  the  efficiency  of  an 
illuminant  has  to  extend  to  many  other 
considerations  than  apparent  lumens  per 
watt.  If  a  draper  loses  an  important 
order  through  not  being  able  to  guarantee 
the  colour  of  a  cloth,  the  efficiencv  of  his 
lighting  installation  for  the  time  being 
is  something  very  near  zero. 

Other  methods  and  units.  Dufton  and 
Gardner  use  an  electric  arc  with  a  blue 
copper  silicate  transmission  glass.  The 
main  objections  to  it  will  probably  be 
those    common    to    arc    lamps.     Dr.    K. 
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stood  that  inasmuch  as  a  relatively  great 
amount  of  overcorreeted  light  must  be 
added  to  The  light  of  a  single  uncorrected 
unit  the  advantage  of  the  proceeding  is 
not  very  manifest.  Some  of  the  difficul- 
ties in  "the  use  of  transmission  screens 
may  be  appreciated  by  studying  the 
curves  in  Fig.  3  taken  from  a  previous 
paper*  for  two  "  signal  green  "  glasses. 

Signal  green  is  a  most  useful  glass 
owing  to  its  strong  absorption  of  the 
longer  wave-lengths.  Cobalt  bluef  trans- 
mits the  violet  more  satisfactorily,  but 
also  tends  to  transmit  the  longer  red 
rays.  A  combination  of  the  two  with 
two  layers  of  glass  less  strongly  coloured, 
or  the' use  of  copper,  cobalt,  etc.,  together 
in  the  same  glass  leads  to  a  possibility 
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0*  0"5  n-fi  °'7m 

Wave  length  (visible). 

Fig.   3. — Spectral  Distribution  for  two  Signal  Green  Glasses  (1)  and  (2). 


Mees  has  devised  a  screen  for  the 
correction  of  ordinary  metal  filament 
lamps,  consisting  of  a  special  glass, 
together  with  a  gelatine  screen.  Ives 
and  Luckiesh  have  produced  a  similar 
screen. 

In  1914,  Ives  and  Brady  produced  a 
glass  for  accurate  colour-matching  with 
the  Welsbach  lamp.  The  "  Moore " 
lamp  (a  carbon  dioxide  vacuum  tube)  is 
apparently  the  illuminant  giving  most 
general  satisfaction,  but  it  is  said  to  be 
liable  to  get  out  of  order  and  costly. 
Various  ';  additive  "  methods  have  been 
suggested  and  employed  in  which  electric 
lamps  in  plain  and  "  signal  green  "  glass 
are  used  together,  but  it  will  be  under- 


of  varying  the  type  of  transmission. 
Beside  the  glass  it  is  possible  to  add  a 
gelatine  screen  in  certain  cases  where  the 
screen  will  not  become  hot.  The  gelatine 
screen  coloured  with  a  dye  may  be  em- 
ployed to  reduce  an  excessive  intensity 
in  a  portion  of  the  spectrum  where  it  may 
be  required.  Unfortunately  the  succes- 
sive addition  of  components  in  this  way 
may  improve  the  relative  energy  distri- 
bution, but  all  tends  to  weaken  the 
transmitted  light.  Furthermore,  the  pro- 
uction  of  glass  having  a  definite  absorp- 


*  Light    filters    for    eve    protection. 
Opt.  Soc,  April,  1917. 

f  Not  shown  in  the  diagram. 


Trans. 
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tion  is  by  no  means  easy  as  the  exact 
result  of  a  melting  is  not  always  certain, 
and  correction  with  a  dyed  gelatine  is  apt 
to  be  dangerous  owing  to  the  fugitive 
nature  of  dyes  under  such  conditions. 
The  performance  of  the  better  trans- 
mission units,  however,  leaves  little  to  be 
desired. 

Sphere  of  artificial  daylight  units. — It 
seems  at  present  to  be  generally  agreed 
amongst  dyers  that  for  colour  matching 
they  need  a  lamp  which  will  give  exactly 
the  same  appearance  to  all  materials 
as  that  ordinarily  produced  by  light  from 
a  blue  sky.  This  is  naturally  a  fairly 
severe  requirement.  In  the  course  of 
business  they  are  required  to  match 
certain  fabrics  by  dyeing  others  to  appear 
the  same  in  daylight.  In  the  course  of 
such  processes  the  so-called  sensitive 
colours  often  arise.  Having  made  a 
daylight  match  the  dyer  (unless  called 
upon  to  do  so)  apparently  accepts  no 
responsibility  for  the  appearance  of  the 
products  in  artificial  light  or  even  in 
sunlight. 

Of  course,  if  a  deep  blue  sky  effect  is 
required  it  must  be  provided,  but  it  seems 
rather  a  risky  type  of  proceeding  especially 
in  dyeing  fabrics  for  summer  use,  when 
they  may  be  worn  in  sunshine  for  the 
greater  part  of  the  time. 

Where  these  sensitive  colours  are  un- 
likely to  be  found  and  for  most  ordinary 
colour  matching  requirements,  the  main 
tiling  is  to  secure  the  best  all-round  colour 
values.  Artists  know  that  sunlight  is 
not  to  be  compared  with  north  light  for 
this  purpose.  The  visibility  curves  for 
the  various  lights  suggest  this  very 
strongly.  Also  the  warm  appearance 
of  purple  fabrics  and  objects  is  an  argu- 
ment against  the  sunlight  type  of  illumin- 
ation. I  therefore  suggest  that  the  most 
desirable  type  of  artificial  daylight  for 
general  use  will  be  found  in  a  compromise 
between  sunlight  and  blue  sky  light,  in 
fact,  a  light  something  similar  to  that 
found  on  an  ordinary  dull  day,  which 
would  be  represented  by  a  -  curve  lying 
between  those  of  sunlight  and  blue  sky 
light. 

For  various  particular  industries  it 
may  possibly  be  found  necessary  to  pay 
particular  attention  to  certain  parts  of 
the  energy  curve  if  by  any  chance  the 
transmission    or    reflection    of    a    screen 


happen  to  be  irregular  in  a  certain  part 
of  the  spectrum.  This  seems  somewhat 
the  case  in  some  of  the  units  I  have  tested. 
If  it  is  so  it  will  be  appreciated  that  as  the 
correct  rendering  of  a  colour  may  depend 
on  the  presence  or  absence  of  a  small 
relative  percentage  of  the  spectral  violet 
or  the  extreme  red,  the  demands  on  an 
artificial  daylight,  are  likely  to  be,  and 
actually  are,  very  severe.  Some  of  the 
transmission  devices  apparently  have  not 
given  complete  satisfaction  to  dyers 
requiring  a  blue  sky  effect,  and  in  view 
of  the  difficulties  of  the  problem  this  is 
not  surprising.  A  good  deal  of  the  bother, 
however,  may  be  due  to  the  inevitable 
discrepancies  ,of  a  changing  day-light, 
and  a  more  or  less  artificial  source. 

Diffusion.— The  appearance  and  colour 
of  fabrics  depends  greatly  on  the  incidence 
of  the  light.  The  employment  of  a 
small  source  behind  a  transmission  screen 
gives  rise  to  harsh  shadows  and  a  different 
proportion  between  light  entering  the 
fabrics  and  light  reflected  from  the  sur- 
face. Some  device  for  satisfactory  broad 
diffusion  is  very  necessary  in  an  artificial 
daylight  source. 

Testing  artificial  daylight  id,  its. — The 
most  severe  tests  seem  to  be  actual  visual 
tests  with  the  so-called  sensitive  colours 
previously  referred  to.  Where  trans- 
mission screens  are  employed,  the  usual 
spectrophotometers  may  of  course  be 
employed  to  find  the  absorption  of  the 
filter.  The  success  of  the  unit  depends  of 
course  on  the  thermo-electric  or  photo- 
electric measurements  of  energy  distribu- 
tion on  which  from  the  most  desirable 
type  of  absorption  is  deduced.  It  is 
very  difficult,  however,  to  forecast  the 
effect  of  such  variations  from  the  ideal 
absorption  as  may  be  found  at  the 
ends  of  the  spectrum,  until  actual  tests 
are  made. 

Tests  made  by  photographic  methods 
are  valuable,  no  doubt,  but  are  liable  to 
be  extremely  misleading  unless  made 
with  the  maximum  of  care  and  skill. 
Ordinary  photographs  of  the  spectra  of 
north  sky  light  and  the  light  of  a  gas- 
filled  lamp  suggest  little  of  their  extremely 
great  differences.  Unless  it  is  possible  to 
make  the  exposure  exactly  of  the  sensitive 
length  for  the  intensity  in  each  successive 
part  of  the  spectrum,  the  results  are  ex- 
tremelv   insensitive.     A    modification    of 
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the  method  employed  in  Messrs.  Hilger's 
Sector  Spectrophotometer  might  very 
possibly  be  useful  for  the  photographic 
comparison  of  different  types  of  daylight. 
A  description  of  this  is  given  in  the  paper 
to  which  reference  was  previously  made. 
The  necessity  for  such  tests  arises  because 
some  of  the  synthetic  methods  cannot  be 
tested  with  a  spectrophotometer,  and 
tintometer  tests  prove  nothing  of  the 
true  nature  of  the  light. 

Several  questions  naturally  arise  as  to 
the  effect  of  variations  in  the  lamp  itself 
or  the  distribution  of  energy  in  the 
spectrum  of  the  light  which  is  to  be 
corrected.  It  is  well  known  for  example 
that  the  efficiency  of  the  gas-filled  lamps 
tends  to  diminish  considerably  with  a 
lower  consumption  of  energy.  I  have  not 
found  any  published  data  on  relative 
spectrophotometric  measurements  be- 
tween these  types  of  lamps.*  Apparently 
the  initial  difficulties  of  photometry  with 
gas-filled  lamps  have  not  yet  been 
thoroughly  overcome. f  Obviously  the 
subject  needs  attention.  Difficulties  in 
correction  will  arise  also  on  account  of  the 
voltage  variations  in  ordinary  electric 
supplies,  for  the  quality  of  the  light  and 
distribution  of  energy  in  the  spectrum 
are  of  course  liable  to  change  and  it  is  not 
possible  to  provide  any  compensation  for 
such  a  variable  effect  in  an  ordinary  filter 
or  reflector. 

As  far  as  my  personal  experience  goes, 
however,  effects  of  this  kind  (provided 
they  remain  small)  produce  no  visually 
observable  effect  in  the  quality  of  the 
light  unless  perhaps  some  effects  in  ultra 
sensitive  dye  combinations  are  con- 
sidered. 

In  any  case  while  the  variations  of  day- 
light are  so  exceedingly  large  it  seems 
to  be  unnecessary  to  insist  on  a  regularity 
so  precise  unless  it  is  desired  to  produce  a 
perfectly  standardised  unit  for  the  dye 
i  ndustry.  I  do  not  consider  either  that  the 
proportion  of  any  particular  condition  of 
daylight  can  at  present  be  fixed  so  nearly 
that  an  exact  imitation  can  be  expected 
from  any  artificial  source. 


*  Slight  differences  are  perceptible  in  "  colour," 
between  the  larger  and  smaller  lamps. 


f  Middlekauff     and     Skogland.       Sc. 
Bureau  of  Standards,  No.  264.     (1916.) 


Pub. 


PART  II.     CORRECTION  BY  MEANS  OF 
COLOURED  REFLECTORS. 

Mr.  George  Sheringham  had  for  some 
time  made  use  of  a  double-tinted  reflector 
in  conjunction  with  a  metal  filament 
lamp  so  constructed  as  to  throw  practic- 
ally all  its  light  on  to  the  shade  above  it, 
and  has  been  able  to  paint  quite  success- 
fully at  night  by  this  means.  This 
reflector  was  covered  by  washes  of  about 
equal  areas,  of  green  ink  and  blue  pigment. 

Eventually,  in  view  of  the  importance 
of  the  subject  in  colour  work,  it  was 
referred  to  the  Technical  Optics  Depart- 
ment, Imperial  College,  for  investigation. 

On  inquiry  into  previous  efforts  in  this 
direction  it  was  found  that  tinted  re- 
flectors have  been  used  in  America  in  Art 
Exhibitions,  for  improving  the  quality  of 
artificial  light,  but  that  no  attempt  had 
apparently  been  made  in  any  way 
accurately  to  re-produce  daylight. 

Accordingly  it  was  judged  expedient 
to  examine  carefully  the  spectral  intensity 
value  of  the  light  reflected  from  a  number 
of  standardised  pigments  and  dyes  in 
order  to  estimate  the  possibility  of  cor- 
recting the  light  from  some  artificial 
source. 

I  am  indebted  to  Sir  William  Abney 
for  his  kind  permission  to  use  the  original 
"  colour  patch "  apparatus  for  this 
work,  and  curves  of  the  variation  of  per- 
centage reflection  with  wave  length  for 
various  pigments  as  compared  with  the 
reflection  of  magnesium  white  were  carefully 
made.  Major  Klein,  of  the  Camouflage 
School,  Kensington  Gardens,  performed 
most  of  the  experimental  work  on  the 
absorption  of  the  pigments,  while  both 
Mr.  Sheringham  and  Major  Klein  have 
co-operated  in  making  trial  reflectors. 

As  this  type  of  apparatus  is  not  so  well 
known  as  it  deserves  to  be,  it  may  be  of 
service  if  a  previous  short  description  of 
it  is  quoted  here.  It  makes  use  of  an 
arrangement  to  form  a  pure  spectrum  in 
the  plane  of  which  a  narrow  slit  is  placed. 
thus  emitting  fairly  monochromatic  radia- 
tions. A  "  three  pole  "  arc  is  used  as  a 
source.  The  further  arrangement  is 
shown  in  the  diagram. 

S  is  the  slit  moving  in  the  spectrum, 
L  the  lens,  which  is  so  arranged  as  to 
throw  the  image  of  the  first  prism  face 
in  the  spectrum  apparatus  on  the  screen  C 
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half  of  which  is  made  of  the  test  colour, 
half  of  metal  coated  with  zinc  white.  A 
glass  plate  or  bundle  of  plates,  Mu 
reflects  a  part  of  the  beam  to  the  second 
mirror  M  2,  whence  it  comes  back  to  the 
screen  C.  Sectors  can  be  inserted  in  one 
or  both  of  the  beams.  A  rod  R  is  placed 
so  as  to  give  two  shadows,  touching  one 
another  at  C.  We  thus  have  one-half  of 
the  screen  illuminated  by  one  beam,  and 
half  by  the  other.  The  test  specimen  is 
placed  in  the  main  beam,  and  the  bright- 
ness of  the  shadows  again  equalised  by 
adjustment  of  the  sectors.  The  rest  of 
the  room  must  be  kept  in  absolute  dark- 
ness. The  measurement  may  be  made 
for  light  of  any  spectral  colour  by  moving 
the  slide  on  which  the  slit  is  mounted. 
A  scale  giving  wave-lengths  is  carried  by 
the  slide. 


coated.  The  relative  spectral  intensity  of 
the  reflected  light  necessarily  alters  with 
the  angles  of  incidence  and  of  view, 
although  the  amount  of  alteration  will  not 
be  very  great  except  at  oblique  angles. 
It  has  not  been  judged  expedient  to  take 
this  effect  into  account  at  the  present 
stage. 

It  is  at  once  obvious  that  we  cannot 
obtain  a  blue  sky  effect  by  a  single 
extensive  reflector,  as  we  have  to  add 
to  the  direct  light  from  the  Tungsten  gas- 
filled  lamp  a  quantity  of  light  from  the 
reflector  which  for  wave  length  "45/* 
must  possess  an  intensity  no  less  than 
about  12  times  that  of  the  direct  Ught. 
This  consideration  then  at  once  precludes 
the  hope  of  any  general  satisfactory  light- 
ing by  a  single  reflector  alone,  but  it  will 
be  obvious  that  by  the  use  of  intensive 
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Fig.  4. — Showing  arrangement  of  Abney's  "  Colour  Patch  "  Apparatus. 


Extremely  good  and  consistent  results 
can  be  obtained  by  the  use  of  this 
apparatus,  which  is  naturally  more 
accurate  than  spectrophotometers  of  the 
Nicol  Prism  type,  where  the  results  de- 
pend on  the  squares  of  the  tangents  of 
angles. 

The  fact  that  the  apparent  luminosity 
of  a  screen,  illuminated  by  light  inter- 
rupted by  a  rotatory  sector,  is  pro- 
portional -to  the  angular  aperture  of  the 
sector  has  been  well  established  by  ex- 
periment. Consequently  it  is  only  neces- 
sary to  equalise  the  two  shadows  before 
putting  the  specimen  in  place  and  after, 
when  the  transmission  follows  simply 
from  the  ratios  of  the  openings. 

The  source  of  light  was  the  carbon  arc, 
the  incidence  being  normal :  the  reflected 
light  was  viewed  at  a  constant  angle  of 
about  30° — 40°  with  the  normal  (more 
especially  in  the  case  of  certain  pigments 
which  give  rather  a  "  shiny  "  surface  to 
the    white    paper   on    which    they    were 


or  semi-intensive  reflectors  concentrating 
a  relatively  great  amount  of  reflected 
light  we  shall  be  able  to  produce  a  quality 
of  light  at  certain  points  very  much  more 
nearly  approximating  to  daylight  quality 
than  the  bare  light  alone. 

It  is  alternatively  possible  of  course 
to  reflect  the  whole  of  the  light  from  a 
tinted  surface,  and,  granted  that  pigments 
of  correct  properties  are  available,  the 
excess  of  the  longer  wave  lengths  can  be 
entirely  absorbed  and  the  entire  illumina- 
tion can  be  corrected. 

The  tables  and  curves  corresponding 
to  the  performances  of  actually  available 
pigments,  coated  on  stout  white  cartridge 
paper,  are  now  given.  Reference  may 
also  be  made  to  the  results  of  Abney,  who 
worked  with  opaque  pigments  coated 
with  gelatine. 

Assuming  that  zinc  white  reflects 
equally  well  throughout  the  spectrum, 
it  will  be  seen  that  none  of  these  pigments 
approach   very   nearly   to   the   required 
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PERCENTAGE    REFLECTIONS.* 


Wave 
length. 


Emerald  Green. 
1  2 


Ultramarine. 
1  2 


Crystal 

Violet, 

10b. 

Methyl 

Blue. 

Crystal   ' 
Green.    1 

Ver- 
milion. 


■692  /< 

•665  /< 

•638  ft 

•589  n 

•555  /< 

•510  n 

•492  /< 

•465  ft 

•457  /< 

•427  fi 

6-4 

9-0 
1S-9 
36-8 

51-7 
34-7 

22-4 
8-5 


5-0 

40 

8-5 

39-0 
12-7 

25-4 

18-8 

7-2 

2-9 

3-0 

5*5 

4-7 

7-6 

18-2 

2-7 

21 

4-4 

5-2 

8-8 

33-8 

2-8 
51 

2-4 

4-3 
8-3 

12-7 

170 

55-2 

15-0 
35-5 

19-3 

20-2 

41-2 

73-3 

66-7 

29-2 

47-5 

59-0 

59-0 

96-3 

25-7 

100 

43-5 

56-0 

75-0 

16-0 

70 

100 
80 
20 

9 

8 
7 


*  The  reflection  coefficient  is  given  as  relative  to  that  of  zinc  white  which  itself  possesses  a 
total  reflecting  power  of  at  least  80  per  cent.,  and  has  a  very  regular  reflection  throughout 
the  spectrum.  Three  fairly  typical  dyes  are  included  (coated  in  a  wash  on  white  cartridge 
paper). 


qualities,  the  general  trouble  being  that 
the  *"  absorption  bands  "  are  too  narrow. 
Thus  in  the  case  of  the  "  methyl  " 
colours  in  which  the  reflection  coefficient 
rises  very  nicely  in  the  shorter  wave 
lengths  wTe  are  faced  with  trouble  owing 


-Percentage  Energy  Reflection  Curves 
of  Pigments. 

(1)  Emerald  Green  ;  (2)  Crystal  Green  (dye) ; 
(3)  Ultramarine  ;  (4)  Vermilion. 

to  a  high  reflection  coefficient  for  the 
longer  wave  lengths  in  the  red. 

Emerald  green  is  the  only  one  amongst 
the  pigments  which  disposes  satisfactorily 
of  the  red,  and  there  absorption  gets  very 
pronounced  in  the  violet.  Antwerp  blue 
has  been  tested  by  Abney.  The  chief 
trouble  with  it  is,  however,  that  the 
relative  absorption  in  the  longer  wave 
lengths  is  by  no  means  sufficiently  pro- 
nouns m1. 

It  is  very  possible  that  pigments  may 
be  developed  by  mixture  or  otherwise 
possessing  more  suitable  reflection  curves. 


The  question  of  the  permanence  of  a 
mixture  is  of  course  to  be  considered. 
For  the  first  experiments  it  was  con- 
sidered desirable  to  combine  the  reflected 
lights  additively  rather  than-  by  the 
subtractive  method. 

This  is  done,  of  course,  by  coating  the 
main  reflector  with  pigments  spread  over 
certain  definite  proportions  of  area. 

Having  given  the  energy  distribution 
in  the  spectrum  of  the  lamp  (quoted  in 
Lui-kiesh's  book  <?n  Colour),  and  the 
reflection  coefficients  of  the  pigments,  the 
energy  distribution  in  the  reflected  light 
follows  very  simply. 

Adding  the  columns  wTe  may  obtain  a 
series  of  numbers  representing  the  pro- 
portional distribution  of  energy  in  the 
light  from  a  reflector  tinted  with  equal 
areas  of  emerald  green  and  ultramarine 
of  the  same  saturation  and  brightness  as 
the  specimens  on  which  the  original 
determinations  were  made,  as  in  fact  the 
relative  energy  distribution  from  any 
proportions  of  the  pigments. 

Although  tin-  nature  of  the  first  curve 
is  not  perfectly  satisfactory,  it  evidently 
represents  a  very  considerable  improve- 
ment on  the  ordinary  :  in  fact  the  quality 
of  the  radiation  will  correspond  very 
approximately  to  that  of  a  "  black  " 
body  raised  to  a  temperature  quite  out  of 
the  range  of  practical  temperatures  on 
the  earth. 

The  most  unsatisfactory  feature  of  the 
curve  is  its  drop  in  the  brightest  part  of 
the    red.     This    is    likely    to    influence 
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seriously  the  colour  of  the  light,  as  the 
green  component  is  unduly  strong  as 
compared  with  the  red  and  violet ;  also 
it  is  desirable  to  get  as  regular  a  curve  as 
possible. 

Now  vermilion  has  properties  useful  in 
this  connection.  Its  reflection  coefficients 
are  approximately  shown  in  the  table. 


General  Discussion  of  the  Results. 

The  combination  given  in  the  table 
show  an  increase  in  energy  in  the  extreme 
red  which  is  undesirable.  Emerald  green 
and  ultramarine  used  alone  in  equal  pro- 
portions produce  a  greenish  hue  in  the 
reflected  fight  which  is  due  to  the  relatively 
great  strength  of  the  green  component 
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Fig.  6. — Relative  Distribution  of  Energy  with 
(1)  Emerald  Green  ami  Ultramarine  (1st  cor- 
rection) ;  (2)  Alteration  with  Vermilion; 
(3)  Sunlight. 
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Fig.  7. — An  attempt  at  "  Blue  Sky  "  Energy 
Distribution:  (1)  Connected  Light;  (2)  Blue 
Sky  (Ives). 


It  will  be  seen  that  by  introducing  a 
small  relative  area  of  vermilion  into  the 
reflector  we  shall  improve  the  curve. 

For  plotting,  the  curves  are  reduced  to 
equal  ordinates  with  the  comparison 
spectra  at  '589//. 


as  compared  with  the  blue,  but  the  effect 
is  practically  overcome  when  the  propor- 
tion of  ultramarine  is  doubled.  In  bqth 
cases,  however,  the  energy  in  the  orange- 
yellow  part  of  the  spectrum  is  a  little 
low,  and  the  result  is  very  much  improved 
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in  the  first  case  by  the  introduction  of 
vermilion,  which  of  course  fills  up  the 
depression  in  the  curve.  The  final  effect 
is  something  very  near  sunlight,  but  it  is 
possible  to  improve  the  light  by  slight 
variation  in  the  proportions. 

In  a  second  case,  in  which  the  pro- 
portion of  ultramarine  has  increased, 
the  best  blue  sky  effect,  in  which  the  pro- 
portion of  blue  light  to  red  light  is  the 
greatest,  is  attained  without  any  ver- 
milion. The  energy  in  the  blue  green  is 
still  a  very  little  greater  relatively  to  the 
blue  and  orange  parts  of  the  spectrum 
than  is  desirable.  It  may  be  corrected 
by  a  small  amount  of  vermilion.  A  less 
amount  probably  produces  the  best  all- 
round  effect  if  the  unit  is  to  be  used  for 
sensitive  tints  of  all  kinds. 

Photometric  Measurements  on  an  actual 
Reflector. 

An  approximate  polar  curve  has  been 
made  for  one  of  the  early  reflectors  which 
was  made  up  with  emerald  green  and 
ultramarine  with  vermilion  and  aimed  at 
a  compromise  between  sunlight  and  blue 
sky.  This  confirms  a  result*  announced 
in  a  previous  number  of  the  Illuminating 
Engineer,  that  the  distribution  of  in- 
tensity due  to  a  concave  matt  reflector 
follows  the  cosine  law. 

The  overall  efficiency  of  the  complete 
unit  as  computed  from  the  measurements 
works  out  at  12  per  cent,  of  that  of  the 
tungsten  lamp  itself,  but  no  attempt 
had  been  made  in  any  way  to  work  with 
the  most  luminous  pigments  or  to  im- 
prove the  condition  greatly.  It  is  only 
to  be  expected  if  care  is  taken  to  clear 
the  best  pigments,  etc.,  that  the  efficiency 
may  be  raised  by  one  or  two  per  cent,  at 
least.  It  must  be  remembered  that  this 
figure  relates  to  the  whole  unit,  and  not 
to  a  lamp  which  must  be  used  with  diffuser 
and  reflector.  One  or  two  points  in  the 
design  of  the  reflectors  should  be  noted 
as  they  have  already  been  the  subject  of 
criticism.  It  must  not  be  forgotten  that 
the  interior  surface  of  the  reflector  is 
matt,  and  that  consequently  the  type  of 
light  distribution  under  it  is  not  altered 
greatly  by  altering  its  shape  or  angle. 
The  polar  curve  remains  very  near  a 
circle  touching  the  centre  of  the  aperture. 


•  Due  to  Halbersmatt. 


Secondly,  it  is  desirable  that  as  much 
of  the  light  as  possible  should  be  sent 
directly  out  of  the  unit  without  being 
reflected  a  second  time.  Therefore  for 
the  greatest  efficiency  the  reflector  must 
be  as  flat  as  possible.  The  necessity 
of  limiting  the  size  calls,  however,  for  a 
concave  form,  and  the  glare  from  internal 
reflections  in  the  lamp  necessitates  the 
provision  of  a  narrow  cm  tain  preferably 
of  light  blue  material,  as  a  skirt  round  the 
bottom  of  the  reflector.  It  may  be  a 
small  point,  but  may  it  be  suggested  that 
manufacturers  of  gas-filled  lamps  should 
take  more  care  to  place  the  filament  at 
the  centre  of  the  spherical  bulb,  in  which 
case  the  image  formed  by  reflection  in  the 
glass  will  be  nearly  at  the  same  point 
and  will  no  longer  upset  the  action  of 
carefully  designed  reflectors. 

It  should  not  be  forgotten  that  the 
brilliancy  of  the  image  is  about  a  tenth 
of  that  of  the  filament  itself,  a  very 
considerable  value.  If  the  image  is 
about  an  inch  out  of  place  some  trouble 
is  quite  likely  to  result. 

Efficiency  of  the  Units.    (Rough  calcula- 
tion for  a  New  Formula.) 

The  mean  percentage  reflection  of 
the  various  pigments  at  or  near  the 
"  brightest  light  in  the  spectrum  "  will 
afford  a  very  approximate  indication  of 
the  probable  efficiency  of  any  particular 
combination. 

Ultramarine  reflects  about  2'4  per 
cent,  at  '55/u  (as  compared  with  zinc 
white),  emerald  green  30  per  cent,  to 
45  per  cent,  depending  on  the  specimen 
and  its  manner  of  coating.  At  best  then 
from  emerald  green  (1)  ultramarine  (1)  a 
reflection  efficiency  of  about  23  as  com- 
pared with  zinc  white  is  to  be  expected. 
The  efficiency  of  zinc  white  is  about 
80  per  cent.,  and  if  we  consider  the 
further  losses  Ave  may  have  to  take  80 
per  cent,  of  the  value  again,  giving  a 
final  rough  result  of  a  total  efficiency 
up  to  15  per  cent,  for  a  lamp  of  this  type. 

For  emerald  green  (1)  and  ultramarine 
(2)  the  efficiency  of  the  light  now  giving 
a  "  blue "  effect  is  indicated  at  about 
10"5  per  cent.  A  measurement  on  an 
actual  blue  sky  reflection  unit  gave  an 
efficiency  of  9  per  cent.  Luckiesh's 
figures  for  actual  transmission  units  aim- 
ing at  the  same  effect  show  an  efficiency 
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of  14  per  cent.,  so  that  the  relative 
discrepancy  in  efficiency  is  after  all  not 
so  very  great,  and  as  was  previously 
indicated  it  is  not  quite  certain  whether 
this  relates  to  the  overall  efficiency  of 
the  unit  or  not. 

General    Remarks    on    the    Method    as 
Compared  with  Others. 

The  use  of  reflection  for  a  correction 
is  undoubtedly  more  difficult  than  the 
use  of  transmission,  as  we  are  faced  with 
the  fact  that  nearly  all  surfaces  reflect 
at  the  surface  anything  up  to  five  per 
cent,  of  light  which  never  enters  the 
colouring  matter  at  all,  and  will  therefore 
have  a  similar  energy  distribution  to 
that  of  the  incident  light,  if  indeed  it  is 
not  adversely  affected.  The  cutting  down 
of  the  extreme  red  then  is  rendered  very 
difficult.  The  performance  of  the  latest 
blue  sky  unit  on  the  sensitive  tints  is, 
however,  very  satisfactory. 

A  word  may  be  said  as  to  the  choice  of 
pigments.  Naturally  the  durability  of 
these  is  a  factor  of  the  first  importance, 
and  we  have  been  largely  guided  by  the 
work  of  Abney*  on  the  action  of  light  on 
water  colours.  Emerald  green,  ultra- 
marine and  vermilion  may  probably  be 
trusted  under  the  conditions  for  the 
present  purpose.  Fortunately  correction 
can  be  carried  out  very  well  by  these 
alone,  although  the  temptation  to  secure 
better  though  more  transitory  results  by 
fugitive  colours  is  naturally  somewhat 
great.  Specially  chosen  varieties  of  the 
pigments  are  necessary  to  produce  the 
best  results. 

Dyes  are  very  fugitive  under  such 
circumstances,  and  it  is  better  to  sacrifice 
a  little  accuracy  than  to  make  a  very 
temporary  correction . 

The  use  of  pigments  offers  too  the 
possibility  of  making  up  definite  standards 
of  light.  One  can  combine  the  effects 
of  two  or  three  standard  pure  pigments 
in  this  way,  and  be  quite  sure  of  the 
result  which  is  to  be  obtained.  I  am  not 
-aware  that  glass  of  a  definite  type  of 
absorption  can  be  produced  as  easily. 
In  fact,  the  reluctance  of  the  glass- 
makers    to    undertake    the    manufacture 


of  such  glassware  needs  little  comment. 
By  the  use  of  pigments,  however,  any 
type  of  energy  distribution  can  be 
secured  from  giving  effects  from  blue  sky 
to  sunlight  in  a  perfectly  definite  manner. 
The  question  of  efficiency  has  already 
been  discussed.  I  believe  that  from  a 
good  many  points  of  view  the  satisfactory 
diffusion  of  the  light  is  of  great  import- 
ance. This  is  accomplished  automatically 
in  the  coloured  reflector.  As  the  surfaces 
are  matt  the  diffusion  is  very  perfect, 
and  a  "  natural  "  appearance  is  given  to 
fabrics. 


COLOURED 


*  Report  to  Science   and    Art    Department, 
1888. 


Fk;.  s. — Diagram  <>f  Sheringham  Daylight 
Lamp. 


As  far  as  cost  is  concerned  such  a 
coloured  reflector  can  be  made  very  much 
more  cheaply  than  elaborate  glass-ware, 
and,  moreover,  the  indirect  method  of 
lighting  offers  greater  freedom  in  the 
maimer  of  using  the  system.  For 
example,  a  whole  ceiling  could  easily 
be  coated  with  such  an  arrangement 
of  colours  if  it  were  desired  to  light  up 
verv  large  spaces.  Other  possibilities 
suggest  themselves  for  theatre  and  art 
gallery  lighting. 

Nothing  has  been  said  as  to  the 
correction  of  other  sources  of  light, 
but  the  possibilities  are  being  considered. 
Incandescent  gas  offers  problems  with 
the  arrangement  of  ventilation,  etc.,  for 
reasonable  efficiency,  but  the  correction 
need  not  be  so  drastic  as  the  energy 
distribution  is  more  favourable. 

In  conclusion,  photographs  of  the 
spectra  of  north  sky  daylight  and  the 
Sheringham  Lamp  have  been  secured. 
These  were  taken  on  the  same  plate  by 
a  small  reflecting  grating  spectrograph 
with  a  wire  slit.  The  relative  intensity 
of  the  Sheringham  Lamp  is  shown  to 
keep  up  well  till  the  neighbourhood  of 
45/i  is  reached, 
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DISCUSSION. 


Following  the  reading  of  Mr.  Martin's 
paper  the  Hon.  Asst.  Secretary  (Mr. 
J.  S.  Dow),  read  in  abstract  communica- 
tions received  from  Professor  W.  Gard- 
ner and  Mr.  M.  Luckiesh,  which,  to- 
gether with  other  written  contributions 
by  Mr.  N.  McBeth  and  others,  will  be 
found  at  the  end  of  the  remarks  of 
speakers  (pp.  48-58). 

Mr.  A.  E.  Bawtree  then  described  his 
colorimeter,  which  he  stated  was  on  the 
principle  of  the  well-known  Lumiere 
autocrome  plate,  and  involved  the  mixing 
of  several  colours  in  prescribed  amounts, 
so  that  any  hue  could  be  accurately 
imitated  or  reproduced.  The  instru- 
ment consisted  of  two  light-diffusing, 
systems  which  share  equally  the  illu- 
mination from  the  source  of  light  em- 
ployed, preferably  a  metal  filament  lamp. 
The  two  areas  are  about  2  inches  square 
and  are  placed  in  close  juxtaposition — 
a  condition  essential  to  accurate  matching 
of  tints.  On  the  one  side  is  a  plain  white 
glass  opening  and  a  shutter  worked  by  a 
micrometer  screw  divided  into  100,  the 
eye  being  able  to  read  to  half  a  division. 
The  other  side  is  illuminated  by  light 
passing  through  three  adjustable  shutters 
screened  respectively  by  red,  green  and 
blue  gelatines.  When  these  three 
shutters  are  fully  open  a  white  light  is 
obtained,  but  any  variety  of  colour  can 
be  obtained  by  adjusting  them  in  differ- 
ent proportions,  which  are  registered  on 
a  scale.  The  intensity  of  the  white  light 
obtained  by  mixing  the  lights  transmitted 
through  the  three  colour  shutters  would 
naturally  be  less  than  that  received  in 
the  white  system,  and  accordingly  a  plate 
of  opal  glass  is  inserted  in  the  latter, 
which  served  to  bring  the  illumination 
into  approximate  equality. 

In  using  the  instrument  a  white  surface 
is  inserted  in  both  systems,  and  the 
white  light  is  adjusted  until  an  equal 
illumination  is  obtained  on  both  sides. 
The  coloured  surface  to  be  matched  is 
then  substituted  in  the  white-light 
system,  and  this  is  matched  by  adjusting 
the  shutters  controlling  the.  amounts  of 
red,  green,  and  blue  light. 

The  apparatus  could  be  used  with  any 
form   of   approximately   white    artificial 


light.  On  the  other  hand,  if  it  is  desired 
to  test  any  particular  coloured  fabric  by 
daylight,  in  comparison  with  some 
artificial  illuminant,  the  daylight  could 
be  admitted  on  one  side  and  the  other 
form  of  light  on  the  other.  It  was  a 
great  advantage  to  be  able  to  specify  the 
nature  of  any  colour  by  means  of  this 
instrument,  and  to  dispatch  the  formula 
by  post  to  any  locality  where  it  could  be 
reproduced. 

The  President  said  that  those  who  had 
followed  the  subject  would  be  familiar 
with  Mr.  Lovibond's  work  with  the 
Tintometer  using  a  series  of  coloured 
glasses.  Miss  F.  E.  Baker,  who  was 
associated  with  the  laboratory  in  which 
this  apparatus  was  developed,  had  kindly 
consented  to  tell  them  something  regard- 
ing   new    developments. 

Miss  F.  E.  Baker  exhibited  a  lamp 
intended  for  the  purpose  of  providing 
a  specific  light  for  use  with  Lovibond's 
Tintometer.  It  was  the  outcome  of 
many  experiments  by  means  of  different 
lamps  and  screens  to  obtain  a  satis- 
factory laboratory  light  by  which  to 
make  exact  colour  matches  in  the  tinto- 
meter on  dark  days  or  by  evening  light 
to  equal  those  matches  made  and  recorded 
in  normal  north  diffused  daylight. 

The  illuminating  surface  was  a 
standard  white  background  screen  or 
cupboard  3  ft.  9  in.  high  and  2  ft.  3  in. 
broad.  No  other  light  should  be  allowed 
to  reach  the  object  being  tested  than  that 
of  the  lamp  provided.  The  screens 
themselves  were  made  up  of  specially 
graded  blue-green  glass  of  1'5  tintometer 
units  intensity  mounted  between  two 
dispersers  each  of  1)5  unit  north  light 
dispersive  value.  The  lamp  itself  was 
of  the  I  watt  210  V  200  candlepower 
type.  It  was  very  important  that  the 
light  reflected  should  always  be  at  a 
constant  intensity. 

This,  and  a  similar  lamp,  had  been  used 
for  colour  matching  liquids  and  solids 
in  the  tintometer  works  with  equal 
success  :  it  was  not  yet  satisfactory 
for  all  surfaces  from  which  .-hades  of 
colours  are  reflected,  but  samples  were 
shown  of  colours  of  which   the  diffused 
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daylight  and  the  artificial  light  measure- 
ments are  the  same  and  equal.  There 
were,  at  present,  three  sets  of  screens 
provided  for  use  with  varying  ranges 
of  colour-depths.  There  had  also  been 
cases  in  which  the  measurements  were 
not  the  same  as  those  of  daylight,  but 
in  these  cases  the  artificial  light  curve 
had  been  established  which,  although 
slightly  different  from  daylight,  had  been 
a  constant  curve  and  had  therefore  allowed 
of  satisfactory  comparisons  being  made 
with  the  daylight  match  previously 
obtained. 

Mr.  G.  Herbert  exhibited  the  Benja- 
min Daylight  unit,  utilising  a  special 
transmission  screen  devised  by  Dr. 
Kenneth  Mees,  which  was  originally 
shown  before  the  Society  in  1912.  Dr. 
Mees's  screen  was  composed  of  two  pieces 
of  glass  covered  with  or  enclosing  two 
sheets  of  gelatine  coloured  to  the  hues 
necessary  to  obtain  a  very  close  resem- 
blance to  daylight  for  the  transmitted 
light.  The  screen  used  in  the  lamp  now 
being  exhibited  was  the  identical  one 
shown  before  the  Society  in  1912  and  had 
been  in  use  ever  since.  He  mentioned 
this  in  order  to  confute  the  view  that  had 
been  expressed  that  a  screen  of  this 
nature  would  not  be  permanent.  He 
understood  that  the  standard  of  daylight 
adopted  by  Dr.  Mees  was  a  north  light 
on  a  sunshiny  day  at  noon,  with  sur- 
roundings (which  had  an  appreciable 
influence  on  the  colour  of  the  light), 
consisting  of  green  fields.  Above  the 
lamp,  which  was  of  the  ordinary  100  c.p. 
tungsten  type,  was  a  white  enamelled 
reflector  which  directed  the  light  through 
the  colour-screen. 

Mr.  A.  S.  Jennings,  of  the  Paint  and 
Varnish  Society,  expressed  his  interest 
in  the  paper  from  the  standpoint  of 
the  decorator.  In  selecting  colours  for 
decorative  purposes  it  was  very  desirable 
that  the  artist  and  decorator  should 
be  able  to  ensure  that  any  particular 
colour  of  paint  specified  should  be 
exactly  the  same  as  that  used  on  former 
occasions.  In  the  present  circumstances 
this  was  extremely  difficult,  but  no 
doubt  the  forms  of  artificial  daylight 
described  at  the  meeting  would  be  service- 
able in  attaining  this  aim,     A  point  of 


great  consequence  was  the  standardisa- 
tion of  the  names  of  colours,  as  well  as 
standardisation  of  the  actual  colours 
themselves.  The  first  requisite  was  a 
standard  of  white  light.  The  author 
had  referred  to  sunlight,  but  what 
variety  of  sunlight  did  he  select  ?  Would 
it  be  possible  for  this  to  be  standardised, 
or  would  it  be  preferable  to  adopt  as  a 
standard  some  exactly  reproduceable 
quality  of  artificial  daylight  ?  This 
seemed  to  him  the  most  hopeful  solution 
of  the  problem. 

Dr.  J.  F.  Crowley  said  the  subject 
was  of  great  interest  to  the  textile  in- 
dustry, where  reliance  on  daylight  often 
imposed  limitations  on  output.  For  in- 
stance, in  the  technical  colleges  pattern 
weaving  classes  could  not  be  conducted 
in  the  evening  with  any  degree  of  satis- 
faction because  of  the  absence  of  a 
suitable  illuminant.  That  was  naturally 
a  drawback  to  many  students  who  could 
only  attend  in  the  evenings.  The  same 
difficulty  operated   in   factories. 

He  had  recently  seen,  at  the  Imperial 
College  of  Science  and  Technology,  Mr. 
Martin's  demonstration  of  the  Shering- 
ham  light,  and  the  curves  comparing  the 
north  skylight,  diffused  daylight,  and 
light  from  a  gas-filled  electric  lamp.  He 
would  very  much  like  to  see  a  similar 
comparison  between  the  Sheringham 
light  and  the  gas-filled  lamp  equipped 
with  the  coloured  glass  filter,  as  described 
in  Mr.  Luckiesh's  contribution  from  the 
United  States. 

Another  point  on  which  he  would  like 
information  was  the  influence  on  the 
colour  of  the  light  of  variations  in  the 
voltage  supplied  to  the  lamp,  which  of 
course  affected  the  temperature  of  in- 
candescence of  the  filament,  and  hence 
the  colour  of  the  light  it  yielded.  Possibly. 
for  example,  a  5  per  cent,  variation  in 
voltage  would  have  a  material  effect  on 
the  Sheringham  light.  A  comparison 
of  results  obtainable  with  such  units 
during  the  entire  life  of  a  gas-filled  lamp 
would  be  of  great  interest,  as  it  seemed 
possible  that  perceptible  changes  in  the 
light  given  by  the  filament  and  in  the 
nature  of  the  selective  action  of  the 
reflector  might  occur.  This  point 
seemed  to  deserve  further  investiga- 
tion, 
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Mr.  J.  H.  Sutcliffe  (Army  Spectacle 
Depot)  said  he  came  across  Dr.  Martin 
some  time  ago  when  the  latter  was  in  the 
middle  of  his  experiments  at  the  Imperial 
College.  When  he  (Mr.  Sutcliffe)  saw 
that  light  he  came  to  the  conclusion  that 
it  was  built  on  the  lines  of  the  light  he 
had  been  looking  for  a  long  time,  as  it 
covered  a  larger  area  of  daylight  than 
other  daylight  lamps  he  had  tried. 
With  this  lamp  it  appeared  that  the 
larger  the  lamp  was  the  better  it  was, 
whereas  in  other  cases  a  relatively  small 
area  was  illuminated.  He  was  interested 
in  the  manufacture  and  matching  of 
artificial  glass  eyes.  In  that  work  it 
was  not  only  a  flat-coloured  surface  like 
a  print  or  coloured  photo,  that  one  had 
to  look  at,  but  superimposed  layers  of 
different  coloured  glasses  and  enamels, 
and  one  got  different  colours  according  to 
the  angle  at  which  they  were  looked  at.  It 
appeared  to  him  that  the  variegated  shade 
exhibited  would  very  soon  become  dirty. 
Could  Dr.  Martin  make  his  lamp  a  little 
more  permanent  when  it  entered  the  com- 
mercial stage — say  a  mosaic  reflector,  so 
that  it  would  last  a  long  time  '!  Would 
it  be  practicable  to  reflect  from  some  sort 
of  permanent  mosaic  ?  Was  there  any 
difference  between  reflection  from  a  dull 
and  a  polished  surface  ? 


Mr.  William  Wallace  said  that  with 
regard  to  the  remarks  of  the  last  speaker 
(Mr.  Sutcliffe)  he  had  been  associated 
with  him  in  connection  with  the 
I  Ophthalmic  ( !entre  attached  to  the  Second 
London  General  Hospital,  where  there 
was  an  enormous  traffic  in  artificial  eyes. 
These  could  not  be  matched  accurately, 
except  in  daylight — not  after  3  p.m. 
in  winter — owing  to  the  difficulty  of 
appreciating  minute  shades  of  colour 
in  the  enamels  used  for  the  iris,  and  a 
daylight  lamp  would  have  been  of  the 
greatest  assistance. 

Mr.  Wallace  said  that  he  had  been  using 
the  Corning  daylight  screen  for  about 
eighteen  months  in  making  water-colour 
drawings  of  the  retina  due  to  war 
injuries.  Being  fully  occupied  during 
the  day.  he  had  to  do  this  at  night. 
The  Corning  lamp  was  similar  to  one  of 
the  first  of  the  American  lamps  shown 
on  the  screen  that  evening.     The  pattern 


used  by  the  speaker  consisted  of  an 
aluminium  reflector  painted  white  enamel 
inside.  The  larger  aperture  was  closed 
by  a  Corning  glass  filter  slightly  bluish 
in  tint.  This  illuminated  an  area  about 
four  feet  in  diameter.  The  illuminant 
was  a  200  candlepower  half-watt  lamp. 
Placed  between  two  tall  windows  with  a 
north  exposure,  it  blended  with  the 
daylight  so  that  no  difference  was 
perceptible. 

The  Corning  filter  was  the  result  of  a 
series  of  experiments  undertaken  at  the 
suggestion  of  Professor  Gage  of  Cornell 
University,  who  wanted  a  constant  light 
for  bacteriological  work,  some  of  the 
delicate  stains  employed  in  his  investiga- 
tions being  found  to  vary  or  become 
invisible  in  certain  lights.  Before  the 
glass  for  the  filter  was  passed,  each  pot 
was  tested  so  as  to  obtain  accuracy. 
The  distribution  of  energy  in  the  spectrum 
of  the  glass  approximated  that  of  sun- 
light, particularly  in  the  region  of  the 
visible  spectrum  giving  the  greatest 
amount  of  useful  light.  The  filter  has 
been  fully  described  in  American  scientific 
journals.  The  advantage  of  the  filter 
lay  in  the  ease  of  its  application,  and 
the  elimination  of  all  empirical  devices. 
Harrods  has  now  a  consignment  of 
Corning  glass  for  cooking  purposes, 
and  doubtless  would  be  able  to  procure 
filters.  The  Sheringham  light  seemed 
much  more  blue  than  the  Corning  filter. 
The  speaker  mentioned  that  he  had  seen 
in  the  showrooms  of  the  Mazda  Com- 
pany a  lamp  designed  for  artists,  in 
which  the  light  was  not  unlike  that 
obtained  by  the  Corning  filter,  and  the 
Kodak  Company  also  had  a  lamp  with 
a  gelatine  filter  for  comparison  of  coloured 
fabrics. 

(After  the  discussion.  Mr.  Wallace, 
specially  interested  in  the  analysis  of 
colour  from  the  point  of  view  of  the 
artist,  tested  the  three  lamps  shown 
with  Winsor  and  Newton's  Handbook 
No.  43,  '"  Washes  of  Modern  Water 
Colours."  He  found  that  the  series  of 
yellows,  some  of  which  were  invisible 
under  ordinary  electric  light,  were  per- 
fectly defined  under  the  500  candlepower 
tungsten  lamp,  and  the  same  under  the 
Sheringham  device,  with  this  qualifica- 
tion that  a  faint  greenish  tinge  was 
appreciable  under  the  latter). 
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The  President  remarked  that  English 
lamp  makers  had  made  some  blue  glass 
lamps,  and  it  was  to  be  hoped  that  they 
would  follow  the  American  practice  of 
developing  such  glass  in  this  country. 

Mr.  F.  E.  Lamplough  (Messrs.  Chance 
Bros.)  said  that  as  scientific  glass  manu- 
facturers they  had  not  had  much  opportu- 
nity during  the  last  few  years  of  dealing 
with  anything  outside  optical  glass 
requiring  scientific  experiment.  In  the 
course  of  work  on  neutral  glass  they 
had  made  many  measurements  on  the 
colouring  powers  of  various  oxides, 
so  that  a  large  amount  of  preliminary 
scientific  work  had  been  carried  out,  and 
they  were  now  engaged  in  completing 
that  work  and  hoped  if  no  unforeseen 
difficulties  arose  to  put  on  the  market  a 
glass  to  give  the  daylight  effect  somewhat 
on  the  lines  described  that  evening. 
Glass  melting,  with  proper  care  and 
scientific  control,  could  be  made  very 
constant.  He  was  not  surprised  that 
the  lecturer  had  found  two  samples  of 
signal  green  which  differed  considerably. 
Different  railway  companies  insisted  on 
different  standards  of  green  for  their 
lamps.  With  proper  control,  there  should 
be  no  insuperable  difficulty  in  producing 
standard  results,  but  seeing  that  daylight 
was  not  constant  and  lamps  were  not 
run  at  constant  voltages  and  curtains  and 
walls,  etc.,  modified  the  effects  produced 
he  did  not  know  that  absolute  constancy 
was  really  essential,  and  perhaps  too 
much  had  been  made  of  the  difference 
between  the  north  light  and  sunlight. 
There  was  an  alternative  to  the  three- 
colour  method  for  assessing  colours — in 
terms  of  white  light,  plus  or  minus  a 
certain  amount  of  a  pure  spectrum 
colour. 

The  President  said  that  this  was  the 
third  occasion  on  which  the  subject 
of  colour-matching  by  artificial  light 
had  been  discussed  by  their  Society. 
At  one  of  the  former  meetings*  he  had 
re-ferred  to  some  suggestions  which 
he  had  made  some  28  years  agof  on 
artificial   daylight.     The   time   had   now 


*  Ilt.um.  Eng.,  Vol.  V..  p.  76,  1912. 
f  Jovrn.  Inst.  Electrical  Engineers.  Vol.  XXI.. 
p.  360,  1892. 


arrived  when  this  had  become  practicable, 
and  before  considering  the  best  method 
or  methods  for  producing  artificial  day- 
light it  was  desirable  to  examine  the 
kind  of  light  required.  It  would  be 
found  that  distinctly  different  qualities 
of  daylight  were  applicable  for  different 
purposes,  for  example,  artists'  studios, 
picture  galleries,  drapers  and  dyers, 
industries  such  as  milling  where  the 
grading  of  flour  had  to  be  examined,  and 
other  purposes.  They  had  heard  about 
"  north  light,"  "  blue  skylight,"  summer 
sunlight,  and  so  on,  they  had  been  shown 
energy  curves,  visual  intensity  curves 
and  other  methods  of  describing  the 
kind  of  light  to  be  produced  and  the 
degrees  of  success  in  producing  it. 

Artists  always  preferred  a  north  light, 
and  dyers  state  that  such  a  light  is 
essential  for  the  matching  of  certain 
dyes.  He  believed  that  the  chief  reason 
for  a  north  light  for  an  artist's  studios 
was  that  such  a  light  was  more  constant 
than  any  other  and  that  for  this  purpose, 
constancy  was  of  more  importance  than 
quality.  An  artist  wished  to  be  able 
to  work  for  several  consecutive  hours 
without  being  bothered  by  wandering 
beams  of  sunshine  which  would  neces- 
sitate the  use  of  blinds  and  curtains. 
It  is  true  that  even  with  a  north  light 
the  colour  of  daylight  varies  very  con- 
siderably when  bright  sun-lit  clouds 
pass  across  a  blue  sky.  That  cannot  be 
avoided,  but  it  is  better  than  changing 
beams  of  sunlight.  Even  if  a  landscape 
is  painted  out  of  doors  and  represents 
full  sunlight  the  picture  will  be  seen 
when  it  is  finished  in  diffused  light,  and 
it  is  generally  completed  in  a  studio.  He 
believed  that  most  artists  would  be 
content  with  a  light  of  the  colour  of 
subdued  summer  sunlight,  and  it  would 
be  more  easy  and  less  expensive  to  produce 
such  a  light  artificially  than  a  "  north 
light "  or  a  "  blue  skylight."  Mr. 
Kenneth  Mees  had  gone  further  and  had 
produced  a  photographically  correct 
white  light.  He  could  not  help  thinking 
that  Mr.  Sheringham  had  been  trying 
for  too  white  a  light. 

But  Dr.  Martin  had  showed  them 
specimens  of  dyed  materials  which 
behaved  in  a  strange  manner  and  the 
question  arose  whether  the  pigments 
used  by  artists  acted  in  the  same  way. 
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He  had  found  no  evidence  to  show  that 
this  was  the  case.  These  freak  dyes 
were  so  uncommon  that  among  his 
lady  friends  we  had  found  none  who  had 
noticed  differences  in  matching  of  dress 
materials  in  sunshine  and  in  shade, 
but  it  was  quite  evident  that  dyes  are 
now  being  used  which  give  very  different 
colours  under  such  conditions.  It  is 
true  that  a  dye  which  yields  a  colour 
matching  a  given  colour  either  in  sunshine 
or  in  the  shade  is  a  better  one  than  a 
dye  which  gives  different  colours  ;  but 
the  erratic  dyes  must  be  dealt  with,  and 
their  appearance  under  a  diffused  north 
light  must  be  examined. 

The  curves  of  energy  in  the  visible 
spectrum  could  only  be  obtained  by  the 
skilful  use  of  rather  elaborate  apparatus, 
and  when  they  had  been  obtained  they 
could  only  act  as  a  guide  to  the  desired 
result.  It  was  difficult  to  predict  the 
visual  result  due  to  a  variation  of  such 
a  curve.  After  using  a  spectrophoto- 
meter he  had  found  it  necessary  to  make 
direct  comparisons  between  the  appear- 
ance of  any  given  pigment  under  artificial 
light  and  under  daylight.  He  had 
shown  at  a  former  meeting  of  the  Society 
an  apparatus  which  he  had  made  for 
this  purpose  and  he  would  describe  a 
modification  of  this  which  he  thought 
would  be  useful. 


A     specimen     of     painted     or     dyed 
material  A  B  is  half  covered  by  a  box 


containing  a  lamp  and  open  at  the  bottom. 
The  material  is  observed  from  the 
direction  0,  half  of  it  being  illuminated 
by  daylight  and  half  by  artificial  light. 
The  position  of  the  lamp  can  be  altered 
to  control  the  brightness  of  the  illumina- 
tion, and  the  interior  of  the  box  may  be 
coloured,  as  in  Mr.  Sheringham's  method, 
or  a  glass  screen  C  of  the  requisite  blue- 
green  colour  may  be  used. 

Mr.  G.  Sheringham  said  he  agreed  with 
the  President  that  there  would  be  pro- 
bably a  more  general  use  for  the  artificial 
light  that  aimed  at  a  Sunlight  effect  than 
for  the  North-sky  Light  one,  because  it 
could  be  achieved  with  less  loss  of  lumin- 
osity. He  had  therefore  already  applied 
his  invention  in  three  different  formulas — 
"  North-sky  Light,"  "  Diffused  Sunlight/' 
and  "  Sunlight  " — and  it  was  possible  to 
have  his  reflectors  so  designed  as  to  suit 
almost  any  particular  purpose  for  which 
special  lighting  was  required.  For  in- 
stance, each  department  of  a  shop  should 
be  specially  lighted — either  with  a  view 
to  (1)  most  accurate  colour-matching,  or 
(2)  to  really  good  colour  effect  (but  where 
absolute  accuracy  in  colour-matching  is 
not  essential),  or  (3)  the  effect  of  a  general 
cheery  glow.  At  present,  instead  of  aim- 
ing at  this  last  (in  their  tea-rooms,  stair- 
cases, etc.),  as  the  most  attractive  light, 
most  of  the  big  stores  (ignoring  that  this 
can  be  achieved  by  employing  certain 
colours  on  a  reflector)  frequently  em- 
ployed an  almost  blinding  brilliance. 
This,  by  over  illumination,  defeated  their 
own  object,  because  it  destroyed  the  rich- 
ness in  the  colouring  of  their  goods. 
Similarly  the  present  fashion  of  using 
highly  coloured  silk  lampshades — while 
recognising  the  principle  of  utilising  a 
cheerful  colour,  such  as  rose  or  orange — 
defeated  the  art  and  trouble  that  the 
owner  of  the  room  has  expended  on 
carefully  selecting  the  various  con- 
trasting colours  of  the  curtains,  carpets, 
cushions,  etc.,  into  an  harmonious  whole 
— by  rendering  them  as  merely  varying 
shades  of  a  monochrome. 

He  thanked  both  the  President  and  the 
Society  for  the  honour  they  had  done 
him  by  allowing  him  to  show  his  in- 
vention at  the  meeting,  and  to  take 
part  in  what  had  proved  a  most  inter- 
esting discussion. 
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Mr.  L.  Gaster  said  that  the  discussion 
aptly  illustrated  the  value  of  the  impartial 
platform  provided  by  the  Society  for  the 
discussion  of  novelties  of  interest  to  many 
different  expects.  The  subject  was  a 
complex  one,  and  the  discussion  had  been 
useful  in  assembling  much  scattered 
information.  He  would  like  to  mention 
that  an  excellent  summary  of  work  done 
on  "artificial  daylight"  had  recently 
been  contributed  by  the  President  (Mr. 
A.  P.  Trotter)  to  the  Times  Engineering 
Supplement.  He  hoped  that  any  gentle- 
men unable  to  join  in  the  discussion  at 
the  meeting  would  send  in  contributions 
in  writing. 

(Several  speakers  had  referred  to  the 
need  for  a  standard  series  of  colours, 
with  specified  names  for  each.  A  par- 
ticularly comprehensive  series,  occupying 
several  hundred  pages,  was  that  prepared 
by  the  Societe  Fran9ai.se  des  Chrysan- 
themistes,  in  two  volumes,  wherein  not 
only  a  very  great  selection  of  tints,  but 
the  suggested  names  for  them  were  pre- 
sented in  four  languages.  Naturally  this 
series  of  coloured  plates  did  not  obviate 
the  difficulties  arising  from  the  nature 
of  the  light  by  which  the  colours  were 
illuminated,  but  it  at  least  provided  a 
complete  set  of  identified  hues  with  which 
to  experiment.  By  reference  to  a  specific 
illustration  on  a  certain  page  one  could 
telegraph  particulars  of  any  desired 
colour,  by  the  aid  of  this  publication. 
The  Society  would  be  glad,  if  desired,  to 
form  a  joint  committee  with  other 
bodies  interested  to  consider  in  detail 
the  various  points  arising  from  the  dis- 
cussion. He  wished  to  express  to  Dr. 
Martin  and  other  speakers  his  personal 
appreciation  of  their  useful  contributions 
on  this  important  subject  and  of  the 
demonstrations  which  they  had  prepared 
at  somewhat  short  notice. 

Dr.  R.  Lessing  {communicated)  :  I  am 
sorry  that  I  was  unable  to  remain  for 
the  discussion  of  Mr.  Martin's  interesting 
paper,  and  there  are  one  or  two  points 
I  would  like  to  bring  before  his  notice. 
I  observe  that  Mr.  Martin  has  emphasised 
the  difficulty  of  matching  delicate  shades 
of  colour  by  artificial  light.  It  might 
possibly  be  inferred  that  the  appearance 


of  so-called  "  white  "  colours  was  of  less 
moment.  As  a  matter  of  fact  the 
matching  of  these  whites  is  quite  as 
difficult  as  matching  the  more  complex 
colours.  The  problem  arises  very  fre- 
quently in  the  comparison  of  white 
pigments  and  other  chemical  products, 
where  one  has  to  distinguish  between 
various  shades  of  white,  and  again  in  the 
sugar,  starch  and  flour  industries,  where 
samples  are  graded  by  colour.  As  a 
preliminary  to  a  recognised  scale  of  colours 
agreement  upon  a  standard  white  would 
be  extremely  helpful.  Such  a  standard 
should  be  reproduceable  and  permanent. 
I  notice  that  Mr.  Martin  refers  to  the  use 
of  zinc  white,  but  it  is  well  known  that 
this  material,  in  common  with  many 
other  white  substances,  varies  very  con- 
siderably in  colour  according  to  the 
method  of  preparation. 

Mr.  E.  R.  Grills  {communicated)  : 
It  would  seem  that  any  attempt  to 
define  daylight  exactly,  for  the  purpose 
of  setting  a  standard  for  the  so-called 
artificial  daylight,  is  almost  impossible  ; 
or  at  any  rate  severely  limited.  Not 
only  is  the  light  emitted  by  the  sun 
of  a  very  complex  nature,  by  reason 
of  the  great  number  of  substances 
burning  therein  and  manifested  by  the 
large  number  of  absorption  lines  shown 
in  the  solar  spectrum,  but  also  on  account 
of  other  varying  and  qualifying  causes 
such  as  the  changing  atmosphere — thick- 
ness of  layer,  the  presence  of  varying 
amounts  of  water  vapour  (which  last 
shows  prominently  as  absorption  bands 
round  about  6,000  a.u.).  Even  if  these 
difficulties  could  be  overcome  there 
would  remain  the  fact  that  the  sense  of 
colour  is  physiological  and  varies  not 
onlv  between  people,  but  in  any  one 
person  in  different  circumstances.  A 
point  which  does  not  seem  to  have  been 
mentioned  in  the  paper  is  the  fact  that 
the  intensity  of  the  artificial  daylight 
illuminant  governs  to  a  great  extent  the 
type  of  colour  and  the  range  of  colour 
which  it  is  possible  for  one  to  conceive 
and  to  be  enabled  to  match  or  attempt 
to  match. 

I  refer  to  the  Purkinje  Phenomenon. 
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Purkinje  showed  that  the  range  of  colour 
perception  in  a  given  strength  of  bright 
daylight  (wherein  all  the  yellows,  reds 
and  yellow  greens  were  virtually  the 
brightest,  as  compared  with  the  blues 
and  blue-violets),  did  not  obtain  when 
the  light  had  diminished,  during  the 
twilight. 

To  prove  this  fact  it  is  only  necessary 
for  one  to  go  into  a  flower  garden  by 
bright  noon-day  and  again  in  the  twilight 
and  to  observe  the  relative  brightness 
or  intensity  of  colour  of  the  flowers.  It 
will  be  seen  that  the  dark  blue  and  blue- 
violet  flowers  during  the  twilight  are 
visible  long  after  the  orange,  red  and 
yellow  ones  have  disappeared  and  seem 
apparently  black. 

It  cannot  be  explained  away  that 
the  great  thickness  of  atmosphere  is 
responsible  for  this  phenomenon  because 
such  a  condition  tends  to  absorb  the  blue 
waves  first.  Therefore,  it  would  seem 
to  be  a  physiological  effect,  which  has 
been  ascribed  to  the  fact  that  we  have 
in  our  eyes  a  varying  number  of  Rods 
(which  are  sensitive  to  blue)  and  a  fewer 
number  of  Cones  (which  are  more  sensitive 
to  green,  yellow,  orange  and  red).  These 
Rods  and  Cones  are  not  evenly  dis- 
tributed. The  percentage  of  the  Cones 
is  much  greater  towards  the  centre 
of  the  sensitive  region,  but  diminish 
rapidly  in  ratio  towards  the  outer  edge 
of  the  sensitive  region  where  the  blue 
sensitive  rods  greatly  predominate. 
Therefore,  there  are  more  Cones  pre- 
sented for  stimulation  by  bright  noon-day 
at  which  time  the  iris  of  the  eye  is  com- 
paratively closed ;  and  at  eventide 
when  the  intensity  of  the  light  is  less 
the  iris  of  the  eye  is  open  much  wider  ; 
thus  permitting  the  stimulation  of  a 
proportionately  larger  number  of  blue 
sensitive  Rods.  This  possibly  explains 
why  a  night  sky  appears  of  a  bluish 
colour. 

The  importance  of  the  intensity  of 
any  light  (whether  it  be  daylight  or 
light  from  an  artificial  daylight  unit  to 
be  used  for  colour  matching  or  colour 
effect  observations)  cannot,  it  would 
seem,  be  overstated  :  and  it  would  appear 
desirable  to  standardise  the  light  intensity 
of  any  artificial  daylight  unit  against 
daylight  which  should  be  dimmed  down 
by  means  of  a  neutral  carbon  graded  filter. 


Prof.  W.  M.  Gardner,  Bradford 
Technical  College  (communicated)  : — My 
interest  in  the  subject  of  colour  matching 
dates  from  1895  when  I  took  over  the 
charge  of  the  Chemistry  and  Dyeing 
Department  of  Bradford  Technical  Col- 
lege from  Mr.  Arthur  Dufton,  M.A.,  on 
his  appointment  as  Inspector  under  the 
Board  of  Education.  Having  a  family 
connection  with  the  dyeing  industry,  Mr. 
Dufton  was  well  acquainted  with  the 
insuperable  difficulties  under  which  dyers 
were  placed  in  dull  and  foggy  weather 
which  were  so  serious  that  the  final 
matching-off  of  dyeings  was  often  quite 
impossible  in  winter  for  days  together  ; 
this  resulting  in  great  delay  and  much 
extra  expense. 

For  the  accurate  matching  of  colours, 
dyers  always  preferred  the  direct  light 
from  a  north  sky,  but  even  this,  apart 
from  its  variability  from  hour  to  hour,  is 
apt  to  be  appreciably  changed  by  such 
adventitious  influences  as  the  passage 
across  the  sky  of  a  sun-illumined  cloud, 
or  the  reflection  of  red-tinted  light  from 
a  brick  building.  It  was  evident  there- 
fore that  the  introduction  of  a  reliable 
artificial  illuminant  giving  light  of  the 
same  quality  as  that  from  a  northern 
sky  would  be  an  immense  boon,  not  only 
to  the  dyeing  industry,  but  in  all  trades 
where  the  accurate  evaluation  and  com- 
parison of  colours  was  important. 

Theoretically,  the  problem  was  com- 
paratively simple,  consisting  as  it  did  of 
the  selection  of  a  reliable  radiant,  con- 
taining rays  from  the  whole  of  the  visible 
spectrum,  and  the  absorption,  by  suitable 
means,  of  the  excess  rays  from  those 
portions  of  the  spectrum  of  the  light  which 
caused  the  radiant  to  differ  from  standard 
daylight. 

Mr.  Dufton  and  I  joined  forces  in  the 
investigation,  and  we  first  examined  all 
the  possible  illuminants,  including  coal 
gas,  paraffin  oil  gas,  and  acetylene  gas, 
burnt  under  mantles  of  varying  types, 
and  many  varieties  of  incandescent  and 
arc  electric  lamps.  Practically  all  the 
illuminants,  even  those  which  appeal 
to  give  a  green  light,  contain  an  excess  of 
red  rays,  and  eventually  we  tixed  upon  an 
arc  lamp  of  the  enclosed  type  as  being 
the  most  suitable  source.  In  such  a  lamp, 
which  burns  with  a  long  arc  of  f  in.  to  1  in., 
the  light  emanates  from  two  sources,  the 
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arc  itself  (which  contains  much  violet 
and  ultra-violet)  and  the  glowing  carbons 
(which  give  a  considerable  excess  of 
red  rays).  The  light  from  these  two 
sources,  when  thoroughly  mixed  by  diffu- 
sion, gives  a  steady  source  requiring  the 
least  possible  correction.  The  light  from 
all  types  of  evacuated  or  gas-filled  bulbs 
has  the  common  defect  of  changing  in 
character  with  the  age  of  the  lamp. 

Having    settled   upon   the   illuminant, 
we  proceeded  to  investigate  the  best  cor- 
recting medium.     Transmission  through 
stained  gelatine  films,  commercial  colour- 
ed glasses,  and  all  possible  types  of  solu- 
tion was  tried  as  well  as  reflection  from 
coloured    surfaces.     Incidentally    it    was 
noticed  that  all  artificial  dyes,  even  the 
brightest  greens,  transmitted  a  band  of 
red    light,    and    the    best    results    were 
obtained     by     transmission     through     a 
solution  of  a  cupric  salt  of  suitable  con- 
centration with  the  addition  of  a  small 
amount  of  a  yellow  dye  to  cut  off  the 
excess  of  violet  which  the  light  contains. 
After  great  tribulation  a  glass  suitably 
tinted  with  a  cupric  salt  and  a  trace  of 
uranium  was  commercially  produced  and 
the   "  Dalite "   lamp   was  patented   and 
put  on  the  market  in  1899.     The  lamp 
contains  three  essential  features — a  long 
arc  as  radiant,   the   distributing  screen, 
and  the  correcting  screen.     It  has  proved 
very  useful,  and  is  in  use  in  most  large 
dyehouses  in   this  country  and   abroad. 
The  patent  specification  (No.  23476/1899) 
claims  :     "  The  use  in  conjunction  with 
electric  lamps  or  other  sources  of  artificial 
light,  of  coloured  screens  or  reflectors,  so 
selected  as  to  intercept  or  absorb  such 
coloured  rays  as  are  found  to  be  in  excess 
of  normal  daylight,  for  the  purpose  of 
rendering  the  light  of  the  same  quality 
as   daylight   and   suitable   for   matching 
or   viewing   colours."     For  the   purpose 
of  quickly  testing  the  accuracy  of  lights 
a   series   of   patterns,   very  sensitive   to 
colour  changes,  was  produced,  and  these 
proved  to  be  the  most  sensitive  indicators 
available. 

Of  course  a  discussion  of  the  subject 
of  colour  matching  involves  chiefly  the 
question  of  the  optical  properties  of  the 
coloured  objects  concerned,  be  they 
dyes  or  pigments,  and  in  this  connection 
it  may  be  of  interest  to  describe  the 
method  I  have  adopted  for  class  purposes. 


A  dyed  gelatine  film  mounted  on  glass  is 
placed  in  the  slide  carrier  of  a  lantern 
along  with  a  cover  glass  completely 
masked  save  for  a  clear  slit  about  1  cm. 
long  by  1  mm.  wide.  In  this  way  a 
coloured  strip  is  projected  on  to  a  white 
paper  screen  placed  five  or  six  feet  away 
and  by  holding  a  defraction  grating  in 
front  of  the  objective  the  absorption  of 
the  colour  may  lie  examined.  By  scrap- 
ing away  a  portion  of  the  dyed  film  and 
mounting  up  with  a  mask  containing  a 
slit  2  cm.  long  showing  half  dyed  film 
and  half  clear  glass,  a  complete  spectrum 
is  ]  trod  need  on  the  screen  alongside  the 
absorption  spectrum  ;  and  by  using  slits 
3  cm.  long  showing  two-thirds  white 
and  one-third  colour,  and  placing  two 
such  slides  in  the  carrier,  arranged  head 
and  tail,  the  absorption  of  any  two  dyes 
may  be  compared,  along  with  that  of 
white  light  for  reference.  By  this  means 
the  reason  for  normal  and  abnormal 
colour-mixture  effects  may  be  clearly 
demonstrated  collectively  to  a  group  of 
students. 

Mr.  David  Patersox  (communicated)  : 

I  have  read  with  great  interest  and 
appreciation  Mr.  Martin's  excellent  paper, 
and  congratulate  him  on  his  treatment 
of  a  difficult  and  complex  problem  with 
all  workers  in  colour,  and  more  especially 
with  dyers  and  textile  colour  matchers. 
Many  colour  experts  have  no  doubt  been 
disappointed  with  the  results  of  several 
so-called  "  daylight  substitutes "  put 
upon  the  market.  They  claim  to  give 
the  true  colour  effects  of  daylight,  and  to 
establish  their  claims  exhibit  paintings, 
cases  of  butterflies  and  moths,  and  other 
natural  history  specimens,  and  dyed 
samples  of  silk,  etc.,  etc.,  to  show  that 
all  these  coloured  objects  appear  quite 
natural  and  "  daylight "  in  appearance 
under  their  advertised  illuminants. 

But  to  the  textile  colourist  this  is  no 
criterion  at  all,  and  the  author  does  well 
to  draw  particular  attention  to  these 
super-sensitive  dyed  shades  which  change 
very  much  under  an  artificial  light.  In- 
deed, I  have  seen  in  several  of  these 
abnormal  shades  changes  of  hue  taking- 
place  two  or  three  times  in  the  course  of 
one  day,  owing  to  the  varying  qualities 
of  the  ordinary  daylight.  Some  of  these 
reputed   substitutes   for   daylight   prove 
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juite  useless  for  the  careful  matching  of 
lyed  textile.  I  have  as  yet  no  personal 
experience  with  the  new  "  Sheringham 
amp,"  but  I  wish  to  point  out  that  it  is 
piite  possible  to  paint  pictures  correct  as 
:o  tone  and  hue  under  a  good  incan- 
lescent  gas  light,  which  would  yet  be  of 
ittle  service  to  the  colour  matcher  of 
;hese  super-sensitive  dyed  shades. 

The  different  optical  structures  between 
taints  or  pigments  and  dyed  materials  is 
i  very  important  point  which  colourists 
ire  apt  to  overlook  or  not  be  fully  aware 
)f.  1  have  shown  to  artists,  using  paints 
ill  their  lives,  colour  changes  under  gas 
ight  which  simply  amazed  them.  It  is 
therefore  well  to  remember  that  pigments 
show  but  little  change  in  a  good  incan- 
lescent  light  compared  with  the  changes 
shown  by  dyed  textiles. 

I  don't  agree  altogether  with  the  state- 
ment that  the  generally  accepted  light 
'or  dyers  and  colour  matchers  is  the  light 
:rom  a  blue  sky.  The  generally  accepted 
standard  among  textile  colourists  is  a 
*vell  diffused  white  north  light,  or  from 
i  grey  sky,  or  a  bank  of  white  cloud, 
rhe  standard  light  is  obtained  on  a  day 
.vhen  the  sky  is  uniformly  covered  with 
ight  grey  clouds,  or  where  there  is  a 
certain  quality  of  white  mist,  r,ot  fog,  but 
mist,  Such  conditions  give  the  truest 
ind  most  diffused  light  for  colour  match- 
ing ] imposes.  The  author  is  therefore 
quite  right  in  suggesting  that  the  most 
iesirable  type  of  light  is  the  "  compro- 
mise between  sunlight  and  blue  sky- 
ight."  This  you  will  generally  get  from 
*  north  light.     It  is  the  best  diffused. 

It  might  be  mentioned  that  though 
these  abnormally  sensitive  dyed  shades 
is  described  are  theoretically  of  great 
interest,  the  skilled  dyer  tries  to  avoid 
them  as  much  as  possible  in  general 
practice.  If  he  finds  his  dye  combina- 
tions create  this  unstable  optical  quality, 
he  is  wise  to  use  a  different  mixture  so  as 
to  produce  an  optically  more  stable  shade. 
A  piece  of  cloth  dyed  with  a  shade  show- 
ing such  abnormally  sensitive  qualities 
that  the  peculiar  "  macula  lutea  "  spot 
was  seen  wherever  it  was  looked  at.  would 
undoubtedly  be  considered  "  faulty  "  in 
ordinary  e very-day  practice.  This  could 
only  be  avoided  by  the  dyer  changing  his 
combination  of  dyestuffs.  Owing  to  the 
unstable  quality  of  daylight  and  the  long 


winter  months,  when  the  light  is  both 
short  and  poor,  especially  in  large  towns, 
it  is  very  essential  that  a  good  standard 
daylight  lamp  be  devised.  A  few 
are  wonderfully  good — the  "  Dufton- 
Gardner,"  for  example — and  the  satis- 
factory solution  of  the  problem  certainly 
lies  along  the  lines  laid  down  by  Mr. 
Martin  in  this  interesting  paper. 

Mr.  M.  LrcKiESH  (communicated)  : 
In  response  to  the  invitation  extended 
to  me  to  contribute  something  to  the 
discussion,  I  will  dwell  briefly  on  the 
realisation  of  artificial  daylight  practical 
in  the  United  States.  We  passed 
through  the  stage  of  development  some 
years  ago  and  are  now  able  to  discuss 
the  subject  as  a  result  of  practical 
experience. 

There  is  a  need  for  standarising  day- 
light— perhaps  north  skylight  and  noon 
sunlight — for  purely  scientific  reasons. 
The  practical  need  of  such  standardisation 
does  not  appear  to  be  as  urgent  at 
present  as  it  appeared  to  be  a  few  years 
ago. 

We  began  the  development  of  artificial- 
daylight  units  by  means  of  spectrophoto- 
metric  analyses  of  daylight  and  repro- 
ducing what  we  considered  to  be  average 
values.  Experience  gained  in  practice 
has  also  led  to  minor  modifications  of 
the  glass  filters.  After  all,  it  is  only 
theoretically  possible  to  match  a  given 
quality  of  daylight  and  the  best  quality 
of  daylight  must  be  determined  from 
spectropliotometric  data  and  a  large 
experience  factor.  Our  judgment  is  now 
reinforced  by  the  judgments  of  many 
expert  colorists  and  the  various  types 
of  units  which  we  now  have  developed 
have  apparently  definite  fields  for  use. 
Naturally  a  number  of  units  have 
appeared  on  the  market,  some  of  which 
have  been  unsatisfactory,  but  the  latter 
soon  disappear  because  they  have  not 
been  based  upon  spectropliotometric  data. 

Generally  the  artificial-daylight  units 
in  this  country  are  tungsten  (Mazda  C) 
lamps  equipped  with  coloured  glass 
filters.  We  have  developed  three  general 
types  of  artificial-daylight  units  and 
these  are  designated  as  north-skylight 
colour-matching  units,  noon-sunlight 
units,  and  Mazda  C-2  lamps. 

There  are  about  15,000  north-skylight 
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units  in  operation  at  the  present  time, 
and  the  demand  is  rapidly  growing. 
These  units  vary  in  design  from  cheap 
industrial  fixtures  to  elaborate  store- 
fixtures  and  the  sizes  of  the  lamps  vary 
from  100-watt  to  several  500-watt  lamps 
per  unit. 

Fig.  1  illustrates  a  small  north-skylight 
unit  with  the  glass  filter  in  the  aperture 
of  the  reflector.  This  may  be  attached 
to  an  ordinary  lamp-socket.  Fig.  2 
illustrates  the  use  of  a  small  counter- 
unit  in  stores.  Besides  these  the  stores 
use  the  larger  units  in  their  triplicate- 
mirror  booths.  Typical  installations  of 
the  artificial  north-skylight  units  are 
shown  in  Figs.  3  and  4. 

Experience  has  shown  that  the  average 
eyes  are  not  sufficiently  trained  and  that 
many  needs  are  insufficiently  exacting 
to  demand  a  highly  accurate  artificial 
daylight.  Furthermore,  a  large  demand 
developed  for  fairly  efficient  units  for 
general  lighting  purposes ;  accordingly 
a  compromise  between  luminous  efficiency 
and  quality  of  light  was  made  in  the 
noon-sunlight  units  and  in  the  Mazda  C-2 
(daylight)    lamp.     A    coloured    glass    is 


Fig. 


1. — A  snnll  Colour-matching  Lamp  Unit 
which  may  be  attached  to  a   socket. 


made  in  the  shape  of  globes  and  acorns 
for  use  with  the  clear-bulb  Mazda  C 
lamp.  These  are  largely  used  in  indus- 
trial  establishments   in   connection    with 


Fig.  2. — Showing  Counter  Colour-matching  Units  as  used  in  a  Clothing  Store. 
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Fig.  3. — Large  Industrial  Colour-matching  Units  used  in  a  Silk  Store. 


Fig,  4. — A  largo  portable   Colour-matching  Unit  as  used  in  Purchasing  Goods. 
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standard  reflectors,  but  are  also  used  in 
groups  in  a  very  artistic  manner  for 
general  lighting  in  stores.  The  noon- 
sunlight  units  provide  a  quality  of  light 
approximating  to  noon-sunlight.  Another 
glass  was  developed  for  the  bulb  of  a 
gas-filled  lamp  and  by  sacrificing  one- 
third  of  the  light  emitted  by  the  filament, 
a  great  advance  toward  noon-sunlight 
has  been  made.  The  result  is  similar 
to  actually  raising  the  temperature  of 
the  filament  very  considerably.  Several 
million  of  these  lamps  have  been  installed, 
and  that  there  are  at  least  a  million 
sockets  at  the  present  time  containing 
these  lamps. 

These  artificial-daylight  units  are  based 
upon  the  subtraction  of  excess  rays  in 
correct  proportions  which  means  a  loss 
in  luminous  efficiency.  In  fact,  the 
luminous  output  of  the  north-skylight 
units  is  reduced  to  about  one-fifth 
that  of  the  light-source  ;  of  the  noon- 
sunlight  units  to  about  one-half ;  and 
of  the  Mazda  C-2  (daylight)  lamp  to 
about  two-thirds  of  the  output  of  the 
filament.  However,  it  is  interesting  to 
note  that  little  objection  is  met  on  the 
score  of  decreased  efficiency.  By  sub- 
tracting some  light  an  unsatisfactory 
illuminant  is  made  satisfactory,  hence 
the  elficiency  in  a  broad  sense  has  been 
increased. 

There  are  now  few  stores  and  industries 
in  which  a  need  for  such  illuminants 
cannot  be  found,  and  art  museums  are 
awakening  to  the  possibilities  of  modern 
lighting.  Furthermore,  many  are  testify- 
ing as  to  the  superior  quality  of  artificial- 
daylight  compared  with  ordinary  artificial 
light  from  the  standpoint  of  comfortable 
vision.  There  is  reason  to  believe  that 
sensitive  eyes  which  are  irritated  by 
artificial  light,  but  not  by  natural  light 
are  comfortable  under  artificial  daylight 
even  when  all  conditions  excepting 
quality  are  constant. 

I  trust  this  aspect  of  the  subject  will 
be  of  interest  to  your  Society,  for  whose 
prosperity  I  wish  to  convey  sincere  good 
wishes. 

Mr.  J.  S.  Dow  {communicated)  : — 

Little  reference  has  been  made  in  this 

discussion  to  the  Moore  C02  tube  which 

is   said   to   have   excellent   qualities   for 

matching    colours.     It    is    of    scientific 


interest  to  inquire  under  what  conditions 
luminescence  from  a  rarified  gas,  which 
presumably  gives  a  line  spectrum,  can 
reveal  colour  correctly.  Apparently  if  the 
lines  are  sufficiently  numerous  and  evenly 
distributed  small  gaps  in  the  spectrum 
are  not  of  great  importance. 

Mr.  Norman  Macbeth  {communicated) : 
In  the  development  and  manufacture 
of  lighting  apparatus  or  fittings  for 
use  in  the  observation  of  colours,  we 
have  had  to  do  considerable  pioneer 
work.  For  the  proper  and  easy  observa- 
tion of  objects  or  materials  from  the 
standpoint  of  colour,  especially  where 
the  colours  or  shades  are  dark,  with  a 
correspondingly  low  reflection  factor, 
a  high  initial  illumination  is  essential. 
Our  experience  has  shown  that  5  to  10 
foot-candles  is  of  little  use,  that  less  than 
50  foot-candles  (50  lumens  per  square 
foot)  is  not  as  satisfactory  as  intensities 
from  50  to  100  lumens  per  square  foot. 
That  observation  is  usually  confined  to 
a  comparatively  small  area,  and  hence 
these  high  intensities  can  be  furnished 
at  a  reasonable  cost. 

The  need  for  this  high  illumination 
arises  partly  from  the  possibility  of  dark 
colours,  but  also  from  habit,  as  natural 
daylight  intensities  run  up  to  thousands 
of  lumens  per  square  foot,  and  the  ob- 
server of  colour  demands  not  only  colour 
purity  of  light,  but  also  the  brightness 
equivalent  of  natural  daylight.  The 
usual  first  demand  of  the  prospective 
customer  is  for  a  scheme  of  general 
illumination.  This  we  consider  unneces- 
sary, extravagant,  and  quite  beyond 
any  possible  justification  with  the  in- 
tensities that  are  demanded  for  clear 
vision. 

These  intensities  without  any  colour 
correction,  that  is,  in  "  raw  "  artificial 
light,  require  a  wattage  approximate!  v 
ten  times  that  in  general  use,  even  in  our 
most  brilliantly  lighted  stores.  This 
is  with  the  ordinary  gas-filled  tungsten 
filament  lamp.  If,  however,  a  corre- 
spondingly high  intensity  was  desired 
over  a  large  area  with  a  light  even 
approximating  daylight  in  colour- — even 
late  afternoon  daylight  with  its  compara- 
tive excess  of  red  from  the  setting  sun — 
the  absorption  of  the  light  generated  by 
the  "  half- watt "  lamp  would  not  be  less 
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than  60  per  cent.,  so  that  the  wattage  in- 
put for  a  drygoods  or  department  store 
area,  per  store  bay  of  20  feet,  400  square 
feet,  would  be  increased  from  1  watt  per 
square  foot  to  25  watts  per  square  foot, 
an  increase  from  400  watts  per  bay  to 
10,000  wratts  per  bay,  with  a  correspond- 
ing cost  of  2,500  units  for  each  present 
100  units  of  cost. 

Aside  from  a  limited  demand  for  repro- 
duced daylight  for  use  in  observing  certain 
chemical  reaction?  and  for  the  appraisal 
of  diamonds,  of  raw  silk,  cotton,  coffee, 
and  similar  observations,  we  have  found 
the  equipment  furnishing  an  ordinary 
artificial  light  or  "  evening  light,"  as  it  is 
generally  called,  is  quite  as  practical 
and  useful  as  that  supplying  the  daylight 
equivalent.  So  much  of  our  activities 
are  under  evening  light,  that  noting  the 
appearance  of  objects  under  this  light  is 
essential  to  the  user's  satisfaction,  par- 
ticularly in  wearing  apparel  and  textile 
materials,  draperies,  wall  and  floor 
coverings,   and   dyed   stuffs   generally. 

The  same  dye  wall  result  in  different 
colours  in  different  fabrics — silk,  cotton, 
wool,  and  various  mixtures.  Different 
dyes  may  be  used  in  different  materials, 
with  the  result  that  colours  will  match  or 
be  in  harmony,  or  combine  in  a  pleasing 
contrast  as  may  be  desired  under  day- 
light— or  under  evening  light — depending 
upon  the  point  of  view  in  their  selection. 
Rarely  do  we  get  similar  colour  sensations 
with  the  same  fabric  when  observed  under 
davlight  and  under  evening  light,  and 
frequently  an  harmonious  combination 
under  daylight  will  be  in  violent  contrast 
under  artificial  light,  and  the  same  is 
true  of  selections  made  under  artificial 
light  when  viewed  in  daylight. 

This  condition  is  responsible  every 
year  for  tens  of  thousands  of  pounds  loss 
in  goods  returned,  later  to  be  sold  at  a 
reduction  on  the  remnant  counter,  and 
for  other  thousands  of  pounds  in  value 
not  received  because  the  wearer  "  didn't 
like  it."  For  example,  the  dignified 
gentleman  with  his  modest  navy  blue 
serge  does  not  maintain  his  dignity  with 
the  "  sport "  purple  appearance  of  the 
same  suit  at  luncheon,  afternoon  tea  or 
elsewhere  under  artificial  tight  in  the 
day  time. 

We  have  exclusive  evening  wear,  but 
no  exclusive  daylight  costumes.     While 


Fig. 


1. — Portable   Colour-matching  Unit 
with   cover  attached. 


Fig.  2.— Showing  use  of  portable  Colour- 
matching  Unit  in  a  Boot  Store. 

evening  colours  may  be  selected  under 
artificial  light  only,  all  day  wear  fabrics 
must  be  selected  with  the  point  of  view 
of  being  seen  in  both  daylight  and  evening 
light. 

Furthermore,  few  individuals,  if  any, 
have    a    sufficiently    developed    colour- 
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memory  to  enable  them  to  properly 
observe  and  classify  daylight  colours  at 
the  door  or  at  a  convenient  window, 
and  the  evening  colours  of  the  same 
materials  a  minute  later  in  a  so-called 
"  evening-room  " — with  which  many  of 
our  stores  were  formerly  equipped. 
Our  observations  on  this  point  tend  to  the 
conclusion  that  the  average  individual's 
colour-memory  is  of  little  longer  duration 
than  one-tenth  of  a  second.  At  any  rate, 
much  more  satisfactory  conclusions  can 
be  reached  as  to  colour  sensations  when 
the  object  or  material  is  observed  first 
under  daylight  and  then  under  evening 
light,  when  neither  the  object  nor  the 
olis  Tver  is  moved,  when  the  light  is 
alternated  instantly  from  the  reproduced 
daylight  to  the  evening  light  without  any 
observable  period  of  darkness  or  of  mixed 
light  coming  between  these  two  widely 
different  colour  effects. 

We  have  a  system  of  sound  notation 
in  our  music  note  characters,  and  any 
harmony  or  discord  can  be  reproduced 
on  a  similar  musical  instrument  from  a 
written  notation.  So  far  as  I  am  aware, 
we  have  no  similar  system  referring  to 
colour,  none  at  any  rate  that  has  received 
general   recognition. 

A  large  proportion  of  our  people  can 
read  and  interpret  music  on  a  variety 
of  instruments.  We  also  have  many 
individuals  who  are  admittedly  not 
musical,  who  are  not  musically  educated, 
who  also  have  no  colour  education  but 
who  are  not  aware  of  their  colour  ignor- 
ance. How  is  a  man,  therefore,  who 
knows  a  thousand  colours,  shades  and 
tints,  to  describe  any  colour  intelligently 
to  another  whose  knowledge  may  extend 
to  the  primaries  or  at  best  to  ten  colour 
names,  and  how  can  the  latter  describe 
a  colour  to  the  colour  educated  man  ? 
There  is  also  the  partially  colour  blind 
to  contend  with,  those  who  are  slightly 
colour  blind  in  blue,  green  or  red. 

It  would  seem  that  we  have  an  infinitely 
greater  number  of  individuals  possessing 
normal  hearing  organs,  than  we  have 
those  with  normal  visual  organs.  The 
conclusion  is,  therefore,  that  we  can  be 
sure  a  colour  is  pleasing,  is  harmonious, 
or  is  in  contrast,  as  may  be  desired,  only 
when  it  is  seen  by  the  individual  who  is 
interested  in  its  use  for  its  purpose. 

Our  organisation  has  paraphrased  the 


service  of  our  equipment  in  the  statement 
that  4i  This  is  the  device  that  answers 
truthfully  with  the  observer's  own  eyes 
every  question  as  to  colour,  pattern  or 
fabric,  both  in  day  and  evening  effects." 
All  our  fittings  have  consequently  been 
arranged  to  give  both  a  reproduced  day- 
light and  ordinary  evening  light  effect 
controlled  by  switches  so  that  the  circuit 
may  be  alternated  from  one  to  the  other, 
but  the  two  lights  cannot  be  mixed. 

Ordinary  incandescent  lamps  are  used, 
the  vacuum  tungsten  for  the  evening  light, 
and  the  gas-filled  or  "  half  watt  "  tung- 
sten lamps  for  the  daylight.  The  latter 
is  corrected  as  to  colour  by  transmission 
through  a  pot  glass  disc  or  filter.  This 
filter  appears  as  a  rather  dense  blue  by 
daylight,  but  when  you  look  through  it 
into  the  interior  of  the  lighted  fitting, 
it  is  not  difficult  to  believe  that  the 
surface  of  the  reflector  and  the  incandes- 
cent lamp  seen  within  are  enclosed  with  a 
disc  of  clear  colourless  glass. 

In  the  beginning  of  our  commercial 
work,  five  years  ago,  we  adopted  a  stand- 
ard of  colour  equivalent  to  the  direct 
light  from  the  sun  at  noon.  This  resulted 
in  a  higher  percentage  transmission  of 
light  than  with  a  north  skylight  equiva- 
lent, and  was  in  this  particular  a  leaning 
towards  the  engineering  point  of  view 
of  a  higher  efficiency.  Later  we  decided 
that  a  real  high  efficiency  would  be 
secured  if  we  gave  our  customers  that 
colour  of  light  to  which  they  were 
accustomed  in  natural  daylight.  This 
ranges  from  a  sunlight  equivalent  on  the 
red  extreme  to  that  of  a  clear  blue  sky, 
or,  as  it  is  generally  called,  north  skylight. 
Our  most  exacting  demand  comes  from 
the  silk  dyers  and  the  silk  converters' 
examiners,  the  bleachers,  and  the  diamond 
experts.  The  least  exacting  are  the 
stores  and  the  colour  printers  and  litho- 
graphers. The  latter  seem  to  be  satisfied 
if  they  can  distinguish  a  yellow  ink 
impression  on  a  white  or  cream  paper  or 
blue  over  black. 

To  have  a  means  of  reproducing  day- 
light has  in  our  experience  been  about 
as  valuable  to  the  average  possible  user 
as  would  be  the  possession,  by  the  average 
layman,  of  a  case  of  incandescent  bulbs 
without  the  necessary  fittings,  reflectors, 
and  knowledge  of  how  to  use  same  to 
advantage  deemed  as  necessary  to-day. 
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We  have  found  the  development  of 
fittings,  their  ventilation  and  artistic 
completeness,  their  fitness  to  the  location 
and  the  purpose  for  which  they  are 
desired,  was  an  infinitely  greater,  more 
diversified,  and  certainly  more  expensive 
development  than  was  the  wonderful 
scientific  achievement — the  development 
of  the  filters  for  the  reproduction  of  day- 
light from  electric  and  gas  incandescent 
lamps  that  made  our  later  work  possible. 

We  are  now  using  practically  all  sizes 
of  gas-filled  lamps,  from  the  low  voltage 
25  watt  lamp  to  the  250  volt  500  watt 
lamp,  and  have  standardised  the  colour 
of  the  light  from  these  lamps  with  the 
various  necessary  corresponding  filter 
concentrations  into  a  range  of  daylight 
equivalents  from  sunlight  to  north  sky- 
light, divided  arbitrarily  into  over  one 
hundred  intervals  representing  the  ex- 
tremes at  each  end,  and  various  mixtures 
of  each  in  the  wide  range  lying  in  between. 

The  fittings  are  all  of  the  direct  local- 
ised lighting  type. 

The  glass  filters  we  use  are  broadly  of 
two  kinds,  due  respectively  to  the  indepen- 
dent research  and  development  work  of  Drs. 
Herbert  E.  Ives  and  Henry  Phelps  Gage. 

The  glasses  are  of  a  lead  potash  base 
with  various  proportions  of  cobalt, 
manganese,  nickel  and  copper,  and  are 
pot  glasses,  that  is,  the  mixtures  are 
effected  in  the  molten  mass  from  which 
the  glass  is  then  blown  or  pressed,  as 
may  be  required.  The  blown  glass  goes 
through  the  usual  process  as  in  the  making 
of  window  glass,  that  is,  cylinders  are 
blown  which  are  later  split  and  flattened 
into  sheets.  The  blown  glass  has  been 
used  in  thicknesses  of  approximately 
4  mm.  The  pressed  glass  is  in  the  form 
of  flat  square  pieces  from  2  inches  (5  cm.) 
on  the  side,  to  6|  inches  (16*5  cm.),  and 
in  circular  convex  discs  of  the  various 
diameters  used  from  3J  inches  (8  cm.) 
to  11 J  inches  (28*5  cm.).  This  pressed 
glass  averages  about  6  mm.  in  thickness. 

The  beginning  of  this  filter  develop- 
ment goes  back  over  ten  years  to  the  in- 
vestigations by  Dr.  Ives  on  the  Daylight 
Efficiencies  of  Artificial  Illuminants  at 
the  Bureau  of  Standards.  AVashington, 
D.C.*     These  investigations  brought  out, 

*  Bulletin  of  Bureau  of  Standards-.  Vol.  VI., 
No.  2,  page  231.  1909. 


what  has  been  of  inestimable  value,  the 
statements  in  spectro-photometric  quan- 
tities of  daylight,  both  direct  sunlight 
and  the  light  from  the  clear  blue  sky 
or  the  so-called  north  skylight,  in  addition 
to  statements  of  the  spectral  distribution 
of  our  ordinary  lighting  sources  at  that 
time.  Dr.  Ives'  later  work  resulted  in 
combinations  of  coloured  glass  and  dyed 
film,  first,  for  the  vacuum  tungsten  lamp 
in  1911  and  in  1913  for  the  Welsbach 
mantle  ;  and  later,  in  1914,  with  E.  J. 
Brady  in  the  laboratory  of  the  United 
Gas  Improvement  Co.,  Philadelphia,  Pa., 
formulas  were  determined  for  pot  glasses 
for  use  with  the  Welsbach  mantle  and 
also  for  the  gas-filled  tungsten  lamp. 

Dr.  Gage,  working  independently  with 
the  chemists  of  Corning  Glass  Works, 
Corning,  N.Y.,  first  perfected  three 
separate  glasses  which  were  superimposed 
to  form  a  filter,  and  shortly  after  a  one 
piece  pot  glass  which,  so  far  as  our  investi- 
gations have  extended  during  the  past 
three  years  with  hundreds  of  colour 
experts  and  thousands  of  colours,  shades 
and  hues  with  all  kinds  of  fabric  and 
materials,  has  satisfied  the  most  exacting 
that  an  artificial  light  has  been  produced 
that  is  actually  an  improvement  over 
natural  daylight.  The  colour  is  correct, 
and  it  is  not  variable  :  it  is  always  avail- 
able at  any  time  of  the  day  or  night, 
anywhere  that  electric  sendee  reaches. 
The  colours  in  the  glass  do  not  change  or 
fade.  An  interesting  test  was  made 
by  sending  a  circular  disc  of  this  glass, 
cut  in  two,  to  a  location  in  the  State  of 
Arizona,  where  there  is  considerable  sun- 
light, and  an  altitude  with  more  ultra- 
violet than  is  present  in  sunlight  at  loca- 
tions where  the  air  strata  is  more  dense. 
One  piece  was  placed  on  the  roof  where 
it  would  be  in  direct  sunlight,  and  the 
other  half  wrapped  up  and  kept  in  a 
cupboard  indoors.  The  two  pieces  were 
compared  from  time  to  time,  and  after  a 
year  the  test  was  discontinued  as  no 
change  could  be  observed  in  that  time. 

In  developing  a  reproduced  daylight 
one  difficulty  has  been  to  decide  the  kind 
of  daylight  to  duplicate.  Certain  indus- 
tries and  experts  have  always  used  the 
light  from  the  northern  sky  exposure 
Others,  less  particular,  used  whatever 
daylight  might  be  available  without  con- 
sidering the  direction,  the  time  of  day, 
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or  the  possible  effect  of  surrounding 
buildings.  Dr.  Ives  standardised  on  the 
equivalent  of  the  sun  at  the  meridian. 
With  the  Gage  glass  we  found  a  good 
blue  or  northern  sky  equivalent  was 
secured  with  a  given  colour  concentration, 
and  that  with  a  lesser  colour  density  the 
noon  day  sunlight  reproduction  was  avail- 
able. These  two  points  determined,  it 
was  merely  necessary  to  determine  a 
series  of  density  or  transmission  measure- 
ments, and  a  corresponding  numerical 
designation  to  enable  us  to  guarantee  the 
delivery  of  any  kind  of  daylight  desired, 
that  is,  in  so  far  as  these  various  repro- 
ductions may  come  within  the  colour 
range  of  direct  sunlight  or  clear  blue 
sky  or  variously  proportioned  mixtures 
of  each.  These  "  colour  numbers,"'  which 
are  purely  arbitrary,  are  engraved  on  each 
disc,  and  range  from  100,  the  sunlight 
equivalent,  to  250  which  is  beyond  the  clear 
blue  sky,  the  latter  point  being  within 
the  range  from  200  to  220,  depending 
upon  the  lumens  per  watt  output  and 
consequent  colour  of  the  light  of  the 
tungsten  filament  lamp  used.  Through 
this  process  of  absorption  in  the  red  end 
of  the  spectrum,  we  also  lose  in  our 
reflector  and  the  glass  filter  some  of  the 
light  which  could  be  used  in  a  reproduced 
daylight,  with  the  result  that  the  overall 
proportion  of  the  generated  light  flux 
finally  effective  as  a  useful  daylight 
equivalent  is  about  15  per  cent.  L.  J. 
Jones  has  shown*  that  the  white  light 
possibilities  of  the  gas  filled  tungsten 
lamp  are  between  35  per  cent,  and  45 
per  cent. 

This  reproduced  daylight  is  of  such 
value  to  its  users  that  it  would  be  well 
worth  while,  even  if  the  losses  were 
99  per  cent.  Engineers  are  quite  recon- 
ciled to  the  greater  than  90  per-cent. 
inefficiency  of  the  present  production  of 
artificial  light  with  electric  incandescent 
lamps,  which  are  actually  very  inefficient 
light-heat  engines,  and  it  is  not  difficult 
to  believe  that  even  at  99  per  cent,  a 
light  source  which  is  worth  from  one  to 
.ten  or  even  twenty-thousand  dollars  in  a 
year  to  its  user  may  cost  ten  cents  an 
hour  to  run  and  be  required  for  an  average 
of  two  hours  per  day,  a  total  cost  of  sixty 
dollars  a  year. 


*  I.E.S.  Trans.,  Vol.  IX.,  1914,  page  691. 


In  the  design  of  fittings  for  the  use 
of  these  filters  considerable  trouble  was 
encountered  due  to  heat.  Glass  breakage 
was  frequent,  and  in  some  of  the  earlier 
experiments  the  glass  stems  supporting 
the  filaments  in  the  incandescent  lamps 
softened  and  bent  so  as  to  bring  the 
filament  in  contact  with  the  side  of 
the  bulb.  This  enormous  absorption  in 
the  longer  wave  length  or  heat  end  of 
the  spectrum  will  probably  prevent  the 
making  of  *"  daylight  glass"  lamp  bulbs 
unless  some  other  method  of  filament 
mounting  can  be  developed,  and  provided 
also  that  other  physical  obstacles  are 
overcome. 

Mr.  L.  C.  Martin,  in  replying  to  the 

discussion,  said  that  his  own  feeling  was 
that  a  mere  approach  to  sunlight  was 
very  little  good.  The  curve  that  he  had 
shown  for  sunlight  was  supposed  to  repre- 
sent noon  sunlight  in  July,  which  would 
naturally  possess  the  maximum  blue 
intensity  possible  for  sunlight  at  the 
earth's  surface.  It  was  not  commonly 
realised  that  the  violets  and  certain 
navv-blucs  are  extremely  sensitive 
colours,  and  unless  artificial  daylight 
has  received  a  high  correction  differences 
of  tint  will  be  found  between  the  colour 
as  seen  under  this  light  and  under  North 
sky  light.  This  will  at  once  lead  to  dis- 
trust in  the  performance  of  the  lamp. 
One  great  advantage  of  using  the  coloured 
reflectors  was  that  by  the  introduction 
of  a  certain  proportion  of  white  or  by 
diluting  the  colours,  the  type  of  correction 
could  be  varied  in  a  perfectly  definite 
manner.  The  efficiency  of  the  unit  as 
compared  with  an  unshaded  lamp  could 
be  brought  to  a  value  greater  than  20  or 
30  per  cent,  in  this  manner,  but  the 
accuracy  of  the  correction  would  suffer 
at  the  same  time.  Only  experience  can 
teach  the  particular  demands  which  will 
be  made  upon  the  lamps  and  in  this 
connection  the  remarks  communicated 
by  Mr.  Luckiesh  and  Mr.  Macbeth  are  of 
great  interest. 

With  regard  to  the  permanency  of  the 
reflectors  every  effort  was  being  made 
to  put  the  unit  into  the  most  practical 
form. 

It  was  interesting  to  hear  that  coloured 
glasses  could  probably  be  produced 
nowadays  with  greater  uniformity  than 
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had  been  possible  in  the  past.  He  had 
not  seen  any  published  data  or  curves 
with  regard  to  the  spectra  of  other 
artificial  daylights. 

With  regard  to  the  remarks  com- 
municated by  Mr.  Grills,  he  could  not 
quite  agree  that  the  increase  in  size  of 
the  iris  of  the  eye  would  produce  the 
differences  in  illumination  on  the  retina 
which  he  suggests.  Dr.  Lessing  raises  a 
point  as  to  the  difficulties  in  the  matching 
of  various  whites.  These  were  doubtless 
very  great.  With  regard  to  the  zinc 
white  used  for  the  experiments,  this  was 
an  unusually  good  sample  such  as  was 
employed  by  Sir  William  Abnev,  and  its 
reflection  curve  was  probably  extremely 
uniform.  The  performance  of  the  Shering- 
ham  light  on  specimens  of  white  had  been 
found  to  be  quite  satisfactory  as  it  had 


been  submitted  to  a  very  severe  test  by  a 
paper  manufacturer. 

The  remarks  of  Mr.  Macbeth  con- 
firmed the  conclusions  of  the  paper  as 
to  the  possible  overall  efficiency  of  the 
davlisht  units. 


DEPARTMENT  OF  SCIENTIFIC  AND 
INDUSTRIAL  RESEARCH. 

Change  of  Address. 

From  Monday.  February  23rd  onwards, 
the  address  of  the  Department  of  Scientific 
and  Industrial  Research  will  be  :  16-18. 
Old  Queen  Street,  Westminster,  S.W.I. 
(Telephone— Victoria  7940.) 
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REVIEWS  OF  BOOKS  AND  PUBLICATIONS  RECEIVED. 


<>ji 'trial  Year  Book  of  the  Scientific  and 
Learned  Societies  of  Great  Britain  and 
Ireland.  [Chas.  Griffin  and  Co.,  Ltd., 
London.     1919.     pp.  330.) 

We  have  received  the  1919  edition  of 
this  valuable  work  of  reference,  which  i- 
doubtless  familiar  to  our  reader.-;,  and 
requires  no  detailed  description.  The 
various  bodies  dealt  with  are  grouped 
under  fourteen  main  headings,  and  an 
index  facilitates  reference  to  any  par- 
ticular society.  In  each  case  the  address, 
the  chief  officers,  and  a  list  of  papers 
read  during  the  year  li<l!t  is  given.  The 
number  of  bodies  to  be  recorded  is  now- 
large  and  it  is  gratifying  to  find  in  tins 
volume  evidence  that  the  amount  ol 
scientific  work  has  not  diminished  as  a 
result  of  the  war  but  has  even  expanded. 

Memorandum  on  Solid  Lubricants  [issued 
by  the  Advisory  Council  of  tin  Depart- 
ment of  Scientific  and  Industrial 
Research,  Bull' tin  No.  4.  1920.  6d.  net. 
pp.  28). 

This  bulletin,  prepared  by  a  Committee 

of  the  Department,  constitutes  a  useful 
survey  of  solid  Lubricants.  Such  materials 
as  graphite  (natural  and  artificial),  talc, 
mica,  sulphur,  white  lead,  etc.,  on  whose 
properties  little  information  is  forth- 
coming, are  analysed,  and  their  various 
applications  for  worm  gear,  steam 
cylinders  and  valves,  etc.,  are  discussed. 

Electric  Lighting  in  the  Home  by  Leon 
Gastcr  and  J.  S.  Dow.  (Sir  Isaac 
Pitman  and  Sons,  Ltd.,  London.)  1920. 
6d.  net.     pp.  31.) 

This  little  booklet,  devoted  to  domestic 
lighting,  is  intended  to  form  the  first  of 
a  series  of  readable  publications  dealing 
with  various  aspects  of  illumination  in  a 
popular  manner.  The  information  is 
conveyed  in  the  form  of  a  dialogue 
between  the  lighting  expert  and  the 
lady  of  the  home.  After  a  short 
preliminary  conversation  on  the  general 
principles  of  lighting  each  portion  of 
the  home  is  studied  in  turn  and 
hints  are  given  on  the  choice  of  lamps 
and  fixtures  and  their  arrangements 
in  each  case.  At  intervals  sketches, 
showing  good  and  bad  arrangements 
of  lights,  are  included.  Finally,  a  brief 
analysis  of  the  lighting  consumption  of 
the  various  rooms  in  a  typical  middle - 
class  home,  and  the  probable  amount  of 
the  lighting  bill,  is  provided. 


LISTS  OF  SCIENTIFIC  AND  TECHNICAL 
BOOKS. 

It  will  be  recalled  that  one  part  of  the 
descriptive  catalogue  of  the  British 
Scientific  Products  Exhibition  organised 
by  the  British  Science  Guild  last  year 
was  devoted  to  selected  lists  of  books  on 
science  and  technology. 

We  understand  that  the  Guild  has  now 
been  asked  to  extend  these  lists  so  as  to 
include  not  only  all  branches  of  science 
but  al<<>  the  chief  technical  subjects.  It 
has  undertaken  to  do  this,  and  a  Com- 
mittee, of  which  Sir  Richard  Gregory  is 
the  Chairman,  ha-  been  appointed  to 
prepare  such  a  catalogue. 

The  lists  will  be  limited  to  books  of 
British  origin  actually  in  current  cata- 
logues of  the  publishers  and  obtainable 
through  booksellers  in  the  ordinary  way. 
School  books  and  elementary  manual? 
will  not  be  included,  and  the  ge-neral 
standard  will  be  that  of  college  courses 
n  l  scientific  and  technical  subjects,  or  of 
works'  libraries.  Each  list  will  be  sub- 
mitted to  authorities  upon  the  subject 
dealt  with  and  in  order  to  secure  that  no 
important  work  is  omitted  the  Com- 
mittee invites  the  assistance  of  anyone 
interested  in  its  task.  Such  aid  may  be 
afforded  by  sending  to  the  British 
Science  Guild  ( <>,  John  Street,  Adelphi, 
London.  W.C.2)  lists  of  single  titles  of 
suitable  works  for  inclusion  in  the  lists. 


CATALOGUES,  ETC. 

The  new  Lamp  Bulb  Guide  for  Car 
Lighting,  issued  by  the  British  Thomson- 
Houston  Co.,  Ltd.,  has  been  brought 
completely  up-to-date  and  illustrates 
the  expansion  of  electric  lighting  for 
motor-cars.  The  valuation  of  voltages, 
watts,  dimensions  of  lamp-holders,  etc., 
afforded  in  the  handbook,  should  prove 
helpful  to  motor-car  users.  A  feature  is 
the  table  of  lamps  for  headlights,  side- 
lights and  tail-lights  in  all  the  chief 
makes  of  cars  used  in  the  United  King- 
dom, from  which  the  need  for  standardisa- 
tion is  apparent.  Until  greater  uniformity 
can  be  reached  it  is  at  least  useful  to  have 
available  particulars  of  the  types  of  lamps 
used  with  leading  types  of  cars. 
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EDITORIAL. 

Illumination  in  Mines  and  Miners'  Eyesight. 

The  mining  industry  of  this  country  has  been  prominently  before 
the  public  eye  during  recent  years,  and  any  circumstances  which  materially 
affect  the  health  of  workers  and  the  efficiency  of  work  are  naturally  of 
national  importance.  The  discussion  on  "  Lighting  Conditions  in  Mines, 
with  special  reference  to  the  Eyesight  of  Miners,"  opened  by  Dr.  T.  Lister 
Llewellyn,  at  the  meeting  of  the  Illuminating  Engineering  Society,  on 
February  24th,  was  therefore  most  opportune.  Dr.  Llewellyn  is  well  known 
as  a  leading  authority  on  this  special  subject,  and  his  book  on  Miners' 
Nystagmus  is  the  standard  work  of  reference.  As  the  first  Tyndall  Mining 
Student  he  did  much  valuable  work,  and  the  facts  that  he  adduces  furnish 
a  striking  indication  of  the  great  influence  of  lighting  conditions  in  mines 
on  the  welfare  of  the  operators.  The  meeting  was  very  well  attended  by 
eminent  ophthalmic  surgeons,  experts  on  miners'  lamps,  and  others  having 
experience  of  colliery  work,  who  came  from  all  parts  of  the  country  to  take 
part  in  the  discussion.  The  Society  was  also  particularly  fortunate  in 
having  the  co-operation  of  the  Council  of  British  Ophthalmologists  and 
the  Ophthalmological  Section  of  the  Royal  Society  of  Medicine  at  this 
joint  gathering  of  oculists,  mining  engineers  and  lighting  experts. 

An  excellent  opportunity  was  thus  afforded  for  the  discussion  of  this 
subject,  and  the  account  of  the  proceedings  published  in  this  issue  contains 
many  supplementary  contributions  received  from  other  authorities  who 
were  unable  to  be  present. 
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The  Effect  of  Inadequate  Illumination  on  Miners'  Eyesight. 

The  nature  of  the  light  afforded  by  miners'  lamps  has  an  obvious 
bearing  on  safety  in  a  mine,  and  the  available  illumination  enabling  the 
miner  to  pick  his  steps  and  do  his  work  is  necessarily  very  low  compared 
with  that  available  for  ordinary  industrial  operations  in  factories. 

But  of  even  greater  importance,  possibly,  is  the  effect  of  prolonged 
working  under  these  abnormal  conditions  on  the  eyesight  of  miners.  Dr. 
Llewellyn's  inquiries  include  both  data  on  the  eyesight  of  miners  and 
information  on  the  actual  working  illumination  in  collieries.  The  disease 
known  as  "  miners'  nystagmus  "  has  long  been  regarded  as  primarily 
associated  with  inadequate  illumination.  The  symptoms  of  this  nervous 
affection  of  the  eyes  have  been  the  subject  of  very  careful  study  by  Sir 
Josiah  Court  and  other  authorities  in  this  country,  and  have  also  been 
discussed  in  great  detail  by  Dr.  Llewellyn  and  Dr.  Stassen  (of  Liege)  in 
their  respective  works,  and  while  the  problem  is  complicated  by  various 
subsidiary  effects,  there  appeared,  from  the  general  tone  of  the  discussion, 
little  room  for  doubt  that  the  abnormal  conditions  of  illumination  under 
which  the  miner  works  constitute  the  primary  cause  of  the  disease.  This, 
we  observe,  is  the  conclusion  also  reached  by  Sir  Josiah  Court,  to  whose 
valuable  work  reference  was  made  by  several  speakers  in  the  course  of  the 
discussion.  The  data  submitted  by  Dr.  Llewellyn  on  the  existing  illumina- 
tion lead  to  the  inference  that  the  number  of  cases  of  nystagmus  diminish 
as  more  efficient  forms  of  lamps  are  introduced,  though  naturally  investiga- 
tions on  this  point  require  great  care  and  corroboration.  He  suggests, 
however,  as  the  minimum  average  working  illumination  be  aimed  at,  a 
value  of  one-tenth  foot-candle  over  the  whole  working  area. 

There  are  naturally  other  points  besides  the  actual  working  illumination 
to  be  considered.  Amongst  these  are  the  question  of  glare  from  the  filament 
or  flame  of  the  lamp,  the  effect  of  inconvenient  shadows  cast  by  the  body 
of  the  lamp,  and  the  problem,  to  which  Dr.  Elworthy  devotes  special 
attention,  whether  the  colour  of  the  light  may  not  also  be  an  influential 
factor  to  an  eye  adapted  to  dark  surroundings.  It  has,  for  example,  been 
suggested  that  the  miner  would  benefit  by  using  a  lamp  with  a  bulb  or 
chimney  tinted  slightly  yellow,  so  as  to  absorb  the  blue  end  of  the 
spectrum. 

All  these  are  questions  that  deserve  to  be  threshed  out,  as  also  the 
point  raised  by  Mr.  Fudge  of  the  Home  Office  Miners'  Lamps  Committee, 
that  whitewashing  the  galleries  is  in  some  cases  of  benefit  in  diffusing  the 
light  and  diminishing  excessive  contrasts.  Seeing  that  at  present  the 
available  data  relate  to  pits  in  so  many  different  districts,  and  cover  very 
variable  periods  of  work,  it  is  not  surprising  that  apparently  conflicting 
conclusions  should  be  drawn  on  such  matters  as  the  relative  advantages 
in  use  of  electric  and  oil  forms  of  lamps.  Other  variable  factors  that  need 
consideration  are  the  effect  of  varying  conditions  of  work,  the  average 
age  of  the  workers,  their  previous  history  and  especially  if  they  have  under- 
gone experiences  (as,  for  example,  in  the  war)  which  predispose  them  to 
this  nervous  ailment.  It  is  interesting  to  observe  that  workers  on  day- 
shifts  are  (as  one  might  expect)  more  affected  by  the  disease  than  those 
on  night-shifts. 
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Experience  in  the  Mixes  of  Belgium. 

In  any  complete  investigation  the  many  variable  factors  must  be 
borne  in  mind  and  a  careful  record  should  be  kept  of  the  local  conditions 
applying  in  any  particular  mine  visited.  The  data  presented  in  the 
contribution  of  Dr.  Stassen,  of  Liege,  offer  an  instructive  indication  of  the 
value  of  such  methods.  They  related  to  14,000  men,  about  half  of  whom 
were  examined  both  before  and  after  their  spell  of  work.  Due  account 
is  taken  of  the  age  of  workers,  and  the  special  nature  of  their  work.  A 
broad  distinction  is  drawn  between  those  cases  in  which  defective  illumina- 
tion was  believed  to  be  the  only  cause  of  the  disease,  and  those  in  which 
there  were  other  special  factors  to  be  considered.  Dr.  Stassen  has  no  doubt 
that  inadequate  illumination  is  the  chief  factor  in  causing  nystagmus, 
and  presents  tables  showing  how,  as  lamps  of  greater  illuminating  power 
are  used,  the  percentage  of  nystagmus  becomes  less.  In  the  case  of  groups 
of  workers  under  observation  for  years,  it  was  found  that  when  men 
suffering  from  nystagmus  are  removed  to  comparatively  well-lighted 
surroundings  complete  recovery  is  usually  only  a  matter  of  time. 

One  other  very  important  fact  is  that  nystagmus  is  not,  as  has  been 
supposed,  confined  to  coal  mines.  It  has  occurred  in  iron  and  zinc  mines 
as  well,  and  its  almost  complete  disappearance  from  mines  of  this  character 
is  attributed  to  the  spread  of  better  methods  of  illumination.  Of  equal 
interest  is  the  statement  made  by  Dr.  Llewellyn,  in  his  reply,  that  nystagmus 
is  not  confined  to  miners.  Thus  seamstresses  working  on  urgent  orders 
for  dark  mourning  material  have  given  evidence  of  the  disease,  and  it 
seems  likely  that  in  a  mild  form  it  might  be  found  in  other  occupations. 

A  Suggested  Joixt  Inquiry  ixto  Lightixg  Conditions  in  Mines. 

There  is  thus  little  doubt  as  to  the  relation  between  inadequate  illumina- 
tion in  the  prevalence  of  miners'  nystagmus.  What  is  needed  is  a  co- 
ordinated investigation  in  this  country  in  order  to  trace  this  relation 
exactly,  and  ascertain  the  precise  nature  of  the  prejudicial  conditions. 
The  next  step  would  be  to  devise  forms  of  lamps  meeting  the  requirements  ; 
and  once  these  are  stated  the  resources  of  science  should  be  equal  to  the 
task. 

There  are  several  points  that  are  essential  to  the  complete  success  of 
such  an  inquiry.  It  should  cover  a  wide  area  and  should  be  continued 
for  a  sufficient  length  of  time  to  enable  positive  conclusions  to  be  drawn 
as  to  the  effect  of  any  improvement  in  lighting  conditions.  It  should 
include  the  joint  collection,  on  a  uniform  basis,  of  data  obtained  by 
photometric  experts,  ophthalmic  surgeons  and  medical  men,  and  it  would 
be  desirable  for  the  sake  of  uniformity,  for  the  researches  to  be  concentrated 
in  a  few  hands. 

We,  therefore,  welcome  the  suggestion  made  by  Mr.  Bernard  Cridland 
that  there  should  be  a  Joint  Committee  appointed  to  deal  with  this 
matter,  in  which  the  Illuminating  Engineering  Society,  the  Council  of 
British  Ophthalmologists  and  the  Royal  Society  of  Medicine  should 
co-operate.  This  inquiry  would  form  a  valuable  supplement  to  the  useful 
work  being  done  by  the  Committee  sitting  under  the  Home  Office  on  Miners' 
Lamps  and  we  trust  that  the  Home  Office,  which  has  already  done  such 
excellent  service  in  connecting  with  the  lighting  of  factories  and  workshops, 
will  lend  its  sympathetic  support  to  this  investigation. 

B   2 
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Industrial  Lighting  and  its  relation  to  Efficiency. 

It  is  now  rather  more  than  six  years  since  the  writer  delivered  a  paper 
before  the  Royal  Society  of  Arts  on  "  The  Economic  and  Hygienic  Aspects 
of  Illumination,"  and  at  the  recent  meeting  of  that  Society  on  March  24th 
an  opportunity  was  provided  of  summarising  progress  during  subsequent 
years.  In  the  year  1913  the  Departmental  Committee  on  Lighting  in 
Factories  and  Workshops  had  been  formed  and  was  carrying  on  its  researches, 
and  even  the  outbreak  of  war  during  the  following  year  was  not  allowed 
to  interfere  with  the  preparation  and  issue  of  its  First  Interim  Report, 
which  appeared  in  1915.  During  the  war  period  much  valuable  experience 
was  gained  regarding  the  value  of  good  lighting  in  munitions  and  other 
essential  forms  of  work,  but  the  circumstances  naturally  delayed  the 
carrying  into  effect  of  the  Committee's  recommendation  that  a  general 
requirement  of  adequate  lighting  should  be  included  in  the  Factory  Acts 
of  this  country. 

In  his  recent  paper,  therefore,  the  writer  took  the  opportunity  to 
suggest  that,  with  the  termination  of  hostilities,  the  time  was  ripe  for  this 
step.  Dr.  T.  M.  Legge,  H.M.  Chief  Medical  Inspector  of  Factories,  who 
opened  the  discussion,  took  a  sympathetic  view  of  this  suggestion  and 
expressed  the  hope  that  statutory  provision  would  be  introduced  in  the  new 
Factory  Act.  We  are  quite  in  accord  with  his  forecast  that  the  requirement 
would  be  of  a  general  character,  leaving  freedom  for  the  inclusion  of  more 
definite  recommendations.  The  experience  of  the  past  ten  years  has 
enabled  us  to  form  quite  a  clear  general  idea  of  the  elements  of  adequate 
factory  lighting,  and  these  are  so  well  appreciated  now  that  a  requirement 
of  proper  industrial  lighting  will  be  readily  acquiesced  in.  Such  questions 
as  the  amount  of  illumination  required  for  the  carrying  on  of  different 
forms  of  work  may  safely  be  left  to  the  joint  consideration  of  lighting 
experts  and  the  various  industries  concerned.  Thus  official  action  in  this 
matter  will  follow  the  traditional  method  in  this  country  of  "  Government 
by  Consent." 

We  should  like  to  take  this  opportunity  of  putting  on  record  our 
great  appreciation  of  the  enlightened  and  sympathetic  attitude  which  the 
Home  Office,  and  Dr.  Legge  in  particular,  have  taken  towards  this  question 
of  industrial  lighting.  The  United  States,  it  has  been  remarked,  have 
profited  by  our  experience  during  the  war,  with  the  result  that  there  are 
already  six  States  that  have  adopted  legislation  on  factory  lighting.  But 
the  deferring  of  action  in  this  country  has  been  merely  an  inevitable  con- 
sequence of  war  and  the  delay  has  not  been  entirely  unfortunate  in  that 
it  has  provided  an  interval  for  the  need  for  this  requirement  to  "  sink  in  " 
and  for  practical  experience  of  the  benefits  of  good  industrial  lighting  to 
be  gained. 

The  next  step  to  which  we  shall  look  forward  is  the  treatment  of 
industrial  illumination  on  an  international  basis,  in  which  the  Illuminating 
Engineering  Society  would  gladly  take  an  active  part.  In  the  data  afforded 
.by  Dr.  Stassen,  a  Corresponding  Member  of  the  Illuminating  Engineering 
Society,  on  "  Miners'  Nystagmus,"  we  have  a  striking  example  of  the 
value  of  exchange  of  views  between  authorities  in  different  countries,  and 
we  have  no  doubt  that  equally  serviceable  help  could  be  obtained  in  dealing 
with  lighting  requirements  in  other  industries. 

Leon  Gaster. 
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LIGHTING   CONDITIONS    IN   MINES,   WITH    SPECIAL 
REFERENCE    TO    THE    EYESIGHT    OF    MINERS. 

(Proceedings  at  a  meeting  of  the  Society,  held  at  the  House  of  the  Royal  Society  of  Arts, 
18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.,  on  Tuesday,  February  24th,  1920.) 


A  meeting  of  the  Illuminating  Engineer- 
ing Society  took  place  at  the  House  of 
the  Royal  Society  of  Arts  (18,  John  Street, 
Adelphi,  W.C.),  at  8  p.m.,  on  Tuesday, 
February  24th,  1920,  the  Chair  being 
taken  by  Mr.  J.  Herbert  Parsons, 
C.B.E. 

A  feature  of  the  meeting  was  the 
presence  of  a  number  of  representatives 
of  the  Council  of  British  Ophthalmo- 
logists and  the  Ophthalmological  Section 
of  the  Royal  Society  of  Medicine,  many 
of  whom  had  come  from  distant  parts 
of  the  country  to  take  part  in  the  dis- 
cussion. Typical  forms  of  miners"  lamps 
were  also  exhibited  by  a  number  of  lead- 
ing firms. 

The  Minutes  of  the  last  meeting  having 
been  taken  as  read,  the  Hon.  Secretary 
read  out  the  names  of  the  following 
applicants  for  membership  : — 

Ordinary  Members  : — 

Mr.  V.  V.  Pass    .  . 


Air.  F.  E.  Lamplough 

Associate  Member  : — 

Mr.  G.  Sheringham 

Corresponding  Member  ;— - 
Mr.  L.  C.  Martin 


The  Hon.  Secretary  also  read  out 
again  the  names  of  applicants  for  member- 
ship announced  at  the  last  meeting,  who 
were  formally  declared  members  of  the 
Society.* 

The  Chairman  then  called  upon  Dr. 
T.  Lister  Llewellyn  to  read  his  paper 
on  "Lighting  Conditions  in  Mines,  with 
special  reference  to  the  Eyesight  of 
Miners  "  (see  pp.  67-79). 

Dr.  Llewellyn  presented  compre- 
hensive data  showing  the  amount  of 
light  available  from  miners'  lamps  as  in 
use  previous  to  1914,  and  the  correspond- 
ing illumination  available  at  the  coal- 
surface.  Statistics  relating  to  the  eye- 
sight of  miners  were  also  summarised,  the 
conclusion  being  that  the  prevalence  of 
"  miners'  nystagmus  "  is  largely  due  to 
inadequate  illumination,  and  that  a 
minimum  standard  of  0T  foot-candles  on 
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*  Illum.  ESQ.,  Feb.  1920,  p.  25. 
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the  working  surface  is  desirable.  It  was 
pointed  out  that  the  economic  loss 
involved  in  cases  of  nystagmus,  which 
exceeded  6,000  annually,  amounted  to 
millions  of  pounds,  and  that  better 
methods  of  illumination  were  thus  amply 
justified  on  economic  grounds. 

Dr.  H.  S.  Elworthy,  who  opened  the 
discussion,  likewise  presented  illumina- 
tion data,  in  general  agreement  with 
those  quoted  by  Dr.  Llewellyn,  but  also 
emphasised  the  importance  of  colour,  as 
affected  both  by  the  nature  of  the  light 
yielded  by  the  lamp  and  by  the  character 
of  the  coal-surface  from  which  it  was 
reflected. 

In  the  ensuing  discussion,  the  following 
took  part : — 

Dr.  J.  6.  Haldaxe,  Mr.  Robert 
Armitage,  M.P.,  Dr.  F.  Shufflebotham. 
Mr.  E.  Fudge  (Secretary  of  the  Home 
Office  Committee  on  Miners'  Lamps), 
Mr.  J.  George.  Mr.  EUilwqod,  Dr.  D.  L. 
Davis,  Dr.  T.  Harbison  Butler,  Dr. 
C.  F.  Harford,  Mr.  V.  V.  Pass.  Dr.  W. 
H.  Pooley,  Dr.  Ettie  Sayer,  Mr.  B. 
Cridlaxd,  Mr.  A.  L.  Whitehead,  Dr. 
N.  Bishop  Harmax,  and  Mr.  L.  Gaster. 

Mr.  Bernard  Ciudlaxd.  as  a  member 
of  the  Council  of  British  Ophthalmo- 
logists, expressed  the  hope  that  the  dis- 


cussion would  lead  to  the  appointment 
of  a  Joint  Committee,  on  which  both  the 
Illuminating  Engineering  Society  and 
the  medical  profession  should  be  repre- 
sented, in  order  to  study  the  subject  in 
detail.  Mr.  L.  Gaster,  who  cordially 
endorsed  this  proposition,  emphasised  the 
desirability  of  making  simultaneous  photo- 
metric tests  of  illumination  in  mines  and 
inquiries  into  the  eyesight  of  miners. 

The  Chairman,  in  winding  up  the  dis- 
cussion, mentioned  that  a  number  of 
written  communications  from  Sir  Geo. 
Berry  and  others  had  been  received,  and 
requested  those  whose  remarks  had  been 
inevitably  curtailed  owing  to  limitations 
of  time  available  for  discussion,  to  extend 
their  contributions  in  writing. 

Dr.  Llewellyn  briefly  replied  to  the 
discussion,  mentioning  that  he  would 
deal  with  it  in  fuller  detail  in  the  printed 
account  of  the  proceedings. 

After  a  vote  of  thanks  had  been  passed 
to  Dr.  Llewellyn  and  to  those  who  had 
exhibited  lamps,  The  Chairmax  an- 
nounced that  the  next  meeting  of  the 
Society  would  take  place  at  8  p.m.  on 
Tuesday,  March  30th,  when  there  would 
be  a  discussion  on  "  Motor-Car  Head- 
lights in  relation  to  Traffic  Require- 
ments." 


PERSONAL. 

We  are  informed  that  Mr.  A.  P.  Trotter 
retired  from  the  firm  of  Messrs.  Handcock, 
Dyke  and  Trotter  on  March  25th,  and 
we  understand  that  he  will  be  devoting 
attention  to  the  special  subjects  in 
science  and  engineering  with  which  he 
is  identified  from  his  new  address 
(Greystones,  Teffont,  Salisbury,  Wilts). 
Mr.  Trotter  has  hen  associated  with  the 
earliest    developments     in     illuminating 


engineering  in  this  country,  and  is  the 
author  of  many  masterly  works  and 
tieatises  on  photometry  and  illumina- 
tion. We  feel  sure  that  there  will  be 
many  who  desire  to  benefit  from  his  long 
experience  and  unique  knowledge  of 
illumination,  and  we  trust  that  Mr. 
Trotter  will  now  be  free  to  enrich  our 
available  information  by  the  initiation 
and  publication  of  further  researches  on 
many  problems  on  which  fuller  data  are 
sorely  needed. 
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LIGHTING    CONDITIONS   IN    MINES,  WITH    SPECIAL 
REFERENCE    TO    THE    EYESIGHT    OF    MINERS. 

By  T.  Lister  Llewellyn,  M.D.,  B.S., 
Assistant  Physician,  North  Staffordshire  Infirmary. 

(Paper  delivered  at  the  meeting  of  the  Illuminating  Engineering  Society  held  at  the  House  of 
the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.,  on  Tuesday, 
February  24th,  1920.) 
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I. — Lighting  Conditions  in  Mines. 

The  problem  of  illumination  in  the 
coal  mine  is  complicated  by  the  presence 
of  fire  damp,  by  the  rough  usage  which 
the  lamp  selected  receives  at  the  hands 
of  the  collier  and  by  damage  due  to  falls 
of  roof  and  coal.  The  presence  of  fire- 
damp will  necessitate  the  retention,  at 
any  rate  for  many  years,  of  the  oil 
safety  lamp  for  testing  purposes.  The 
hard  usage  the  lamp  gets  makes  its 
substantial  construction  necessary,  and 
the  need  for  protection  against  falls  most 
unfortunately  cuts  off  all  rays  directed 
upwards. 

As  I  have  stated  in  my  lecture  (') 
before  the  North  Staffordshire  Branch 
of   the    Institute    of    Mining    Engineers 


the  illumination  in  a  coal  mine  depends 
on  four  factors  : — 

(1)  The    candlepower    of    the    source 
of  light  used. 

(2)  The  distance  at  which  this  light 
has  to  be  placed  from  the  working  area. 

(3)  The  surface  brightness  of  the 
surroundings. 

(4)  The  composition  of  air  in  the 
workings. 

(1)  Candlepower  of  source  of  light  used. 
— It  seems  incredible,  but  the  source  of 
light  which  gives  the  highest  candlepower 
at  the  coal  face  is  the  tallow  candle  ! 
By  carefully  spreading  out  the  wick 
two  candlepower  may  be  obtained. 

If  measurements  are  taken  at  the  coal 
face  the  modern  oil  safety  lamp,  with 
the  exception  of  such  lamps  as  the 
Hailwood  combustion  lamp,  rarely  gives 
one-half  candlepower.  I  do  not  say  that 
they  will  not  give  more,  but  up  to  1914 
I  had  not  obtained  a  higher  reading. 
The  modern  electric  lamp  in  use  gives 
about  one  candlepower  for  eight  hours. 
I  have  lately  seen  oil  and  electric  lamps 
giving  two  to  three  candlepower,  but 
they  are  not  yet  in  use.  Measurements 
of  the  latest  lamps  in  use  will  be  given 
below. 

The  light  of  both  oil  and  electric  lamps 
is  broken  up  by  the  standards,  and  varies 
considerably  according  to  whether  a 
full  or  side  flame  is  turned  towards  the 
observer.  Graph  I.  shows  the  variation 
in  the  illumination  falling  on  the  circum- 
ference of  a  circle  of  two  feet  radius 
at  the  level  of  the  flame  or  filament. 
The     readings     were    taken     at    equal 
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Fig.  1. — Showing  variation  in  candlepower  of  lamps  and  effect  of  standards,  S. 
Equidistant  measurements  taken  at  the  circumference  of  a  circle  2  ft.  in  radius 
X  4  to  give  candlepower  of  lamp  in  a  horizontal  plane. 

Hailwood  combustion  lamp  (clean). 

Oldham  electric   lamp   (after  six   hours'   use). 


Fig.  2.— Illumination  Data  for  Oldham  Lamp. 

Area  of  light  in  a  6  ft.  radius  circle,  104*39  sq.  ft. 

Area  of  shadow  in  a  6  ft.  radius  circle,  8" 71  sq.  ft. 

Ratio  of  shadow  to  light  1  :  11*987. 


Fig.  3. — Illumination  Data  for  Hailwood  Lamp. 

Area  of  Light  in  a  6  ft.  radius  circle,  97'15  sq.  ft. 

Area  of  Shadow  in  a  6  ft.radiuscircle,15*95sq.ft. 

Ratio  of  Shadow  to  Light,  1  :  6*092. 
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distances  and  have  been  multiplied  by 
four  to  give  the  candlepower.  The  electric 
lamp  throws  a  smaller,  but  denser  shadow 
than  the  oil  lamp  and  has  four  standards 
to  the  five  of  the  oil  lamp.  The  amount 
of  light  and  shadow  given  by  lamps, 
centrally  placed,  over  a  circle  of  six  foot 
radius  is  given  below  : — 


Ratio 

Light. 

Shadow. 

Shadow 
to  Light. 

Hailwood  combus- 

tion lamp 

97-15 

15-95 

1  :    6092 

Protector  oil  lamp 

10415 

8-93 

1  :  11-658 

Oldham       electric 

lamp 

104-39 

8-71 

1  : 11-987 

Ceag  electric  lamp 

10507 

8-03 

1  :  13-084 

(2)  In  the  safety  lamp  pit  the  lamp 
has  to  be  placed  at  least  two  feet  away 
from  the  swing  of  the  pick.     The  lamp 


diminishes  rapidly  when  the  oxygen 
percentage  of  the  air  falls  and  the  presence 
of  moisture  has  the  same  effect.  A 
tested  oil  lamp  actually  lost  60  per  cent, 
of  its  candlepower  in  a  poorly  ventilated 
pit.  The  presence  of  dust,  quite  apart 
from  the  fouling  of  the  lamp  also 
diminishes  the  illumination  obtained. 

Actual  measurements  at  the  coal  face. 

Up  to  1914,  as  a  result  of  a  large 
number  of  observations  in  several  coal 
mines  the  average  illumination  at  the 
coal  face  in  a  safety  lamp  pit  was  found 
to  be  0-018  foot-candle  ;  in  candle  pits 
the  average  illumination  was  0-09  foot- 
candle.  The  readings  are  given  in  detail 
in  my  book.(2) 

Recent  measurements. 

Through  the  help  of  Mr,  Turner  of 
the  Stafford  Coal  and  Iron  Company 
I  am  able  to  give  you  measurements 
with  the  latest  lamps  in  use. 


Table  I. 


General 

Illumination 

Candle- 

illumination 

on  actual 

*Cost  per 

*Cost  per 

power. 

at  coal  face 

working  area 

lamp 

candle- 

in  foot-candles. 

in  foot-candles. 

per  week. 

power. 

Pence. 

Pence. 

Hailwood  Combustion  Oil  Lamp 

•99 

•017J 

•075 

4-75t 

4-75 

Ackroyd  and  Best  Oil  Lamp    . . 

•58 

•021 

•06 

— 

— 

Protector  Oil  Lamp 

•79 

■019 

•06 

4-125 

5-221 

Ceag  Electric  Lamp 

•96 

•032 

•104 

4-671 

4-865 

Oldham  Electric  Lamp 

112 

•045 

•113 

5-165 

4-611 

*  Figures  supplied  by  Mr.  Turner, 
f  Hire  cost  only.     Labour  not  included. 
Colliery. 


Figure  supplied  by  Mr.  Wain  Chatterley,  Whittield 
J  Lamp  glass  smoked. 


is  often  hung  on  a  post  and  there  is  a 
tendency  on  the  part  of  the  miner  to 
leave  the  lamp  fixed.  The  law  of  inverse 
squares  and  the  cosine  law  come  very 
powerfully  into  operation. 

(3)  The  brightness  of  the  surroundings. 
— The  collier  works  in  surroundings  which 
are  either  coal  or  covered  with  coal  dust. 
Almost  all  the  incident  light  is  absorbed 
and  there  is  no  colour  relief. 

Coal  and  coal  dust  absorb  from  86-97 
per  cent,  of  all  incident  light. 

(4)  Composition  of  air  in  the  workings. 
— The    light    of    an    oil    safety    lamp 


The  measurements  given  were  all 
taken  under  the  most  favourable  circum- 
stances as  a  length  of  coal  face  had  been 
cleared  for  the  purpose.  There  was  no 
dust  and  all  the  lamps  were  fresh  and 
clean  and  in  the  case  of  the  electric 
lamps  freshly  charged.  Six  lamps  of 
each  of  the  five  varieties  mentioned 
below  were  used.  The  lamps  were  hung 
on  the  same  nails  and  the  coal  face  was 
marked  with  chalk  to  insure  that  the 
readings  would  be  taken  at  the  same 
place.  The  lamps  were  tested  in  the 
order    given.     The    lamps    were    placed 
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on  the  assumption  that  four  holers  and 
two  loaders  were  working  in  the  drift. 
The  readings  from  one  of  the  loaders' 
lamps  give  the  average  general  illumina- 
tion at  the  coal  face,  the  readings  from 
the  holers'  lamps  give  the  illumination 
on  the  area  actually  being  holed.  Owing 
to  the  favourable  conditions  the  figures 
are  higher  than  they  would  be  in  actual 
practice.  The  average  candlepower  of 
the    lamps    is    also    given.     One     Ceag 

Light  given  by  Lamp. 
100        80        60        40        20        0 


*  Percentage  Oxygon 
■?  Percentage  light. 


21 


20  19 

Percentage  of  Oxygen. 


13 


Fio.  4. — Light  given  by  Lamp.  Graph  of 
observations  (Haldane  and  Llewellyn),  Trans. 
Mining  Engineers,  Vol.  XLIV.,  p.  267;  "The 
Effects  of  Deficiency  of  Oxygen  on  the  light 
of  a  Safety  Lamp.") 

lamp  gave  the  best  light  14  candlepower, 
but  the  general  average  of  the  Oldham 
lamp  was  higher.  It  is  interesting  to 
note  that  the  illumination  at  the  coal 
face  given  by  the  oil  lamps  does  not 
compare  favourably  with  the  candlepower 
of  the  lamp.  This  is  partly  accounted 
for  by  the  greater  extent  of  the  shadows 
thrown  by  the  lamp  standards. 

These  readings  should  be  compared 
with  others  taken  recently  in  another 
pit. 

Colliers  top  holing  in  a  dusty  seam 
at  end  of  shift  : — 

Two  Ceag  electric  lamps,  average 
candle  power,  0-62. 


Illumination  on  area  worked  in  foot- 
candles,  0-03. 

Colliers  getting  coal  in  same  seam, 
end  of  shift : — 

One  Ceag  electric  lamp  candlepower,  -8. 
One  Clamiy  oil  lamp  candlepower,  -36. 

Lamps  over  8  feet  away  from  the  coal 
face  illumination  at  coal  face  less  than 
001  foot-candle. 

Miscellaneous  readings. 

Well-lit  pit  bottom.     Half-watt  electric 
lamps  : — 

Foot- 
candle. 
Inset  ..         ..         ..         ..0-9 

Snapframe  . .         . .         . .         . .    04 

Main  intake  0-2 

Collier  ripping  top  . .         . .  0-018 

Collier  setting  timbers      . .  . .  0-04 

Repairer  lamp  on  neck  wedging 

hole  in  roof         . .  . .  . .  0-05 

Timberman  notching  arm  . .  0-035 

Haulier  spragging  off  in  parting, 

lamp  in  hand     . .  . .  . .  0-06 

n. — Physiological  Considerations. 

The  effect  of  feeble  illumination  on 
the  eye  has  always  been  of  great  interest 
to  physiologists.  Parsons  (3)  in  his 
paper  on  "  Scotopia  or  Vision  in  Dull 
Illumination "  discusses  this  question 
fully.  With  the  exception  of  the  manu- 
facture and  packing  of  some  specially 
sensitive  photographic  plates  in  dark- 
ness no  industry  is  carried  out  in  such 
feeble  illumination  as  that  of  coal  mining. 
Let  us  take  some  of  the  signs  and 
symptoms  of  miners'  nystagmus  and 
see  if  they  throw  any  light  on  the  problem 
of  vision  in  dull  illumination. 

Loss  of  siglrf. 

One  of  the  commonest  and  often  the 
first  symptom  is  loss  of  sight,  especially 
marked  at  night  time  or  in  the  early 
morning,  that  is  in  feeble  light.  Men 
with  normal  refraction  are  often  unable 
to  read  more  than  6/36  in  the  acute 
stages  of  the  attack.  Of  1,121  cases 
of  miners'  nystagmus  only  103  could 
read  6/6.  I  have  always  looked  upon  an 
increase  in  visual  acuity  as  a  favourable 
prognostic  sign.  Cridland  (*)  describes 
a  contraction  of  the  fields  of  vision  for 
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colour  in  the  acute  stages  of  the  disease 
and  a  return  to  normal  in  convalescence. 

Intolerance  of  bright  light. 

This  symptom  is  often  very  marked. 
In  miners'  nystagmus  then  both  extremes, 
bright  illumination  and  dull  illumination 
cause  trouble.  In  the  normal  person 
the  eye  can  adapt  itself  within  very 
wide  limits  of  intensity.  In  miners' 
nystagmus  the  range  is  limited  and  there 
is  a  special  failure  for  adaptation  in 
feeble  illumination.  Stassen  (5)  lays 
stress  in  the  sudden  changes  from  light 
to  darkness  and  from  darkness  to  light. 
In  my  book  (page  114)  I  say  :  "  Failure 
of  dark  adaptation  may  quite  well  be  the 
ultimate  cause  of  miners'  nystagmus." 

Oscillation  of  the  eyes. 

Is  this  characteristic  sign  of  the  disease 
due  to  imperfect  fixation  or  to  fatigue 
of  the  oculo-motor  centres  ?  In  dis- 
ordered action  of  the  heart,  so  commonly 
found  in  soldiers,  and  in  respiratory 
trouble  due  to  poison  gas  there  is  a 
neurasthenia  of  the  regulating  mechanism 
in  the  central  nervous  system.  In  both 
of  these  conditions  fatigue  is  readily 
induced  and  brings  about  results  quite 
out  of  proportion  to  the  increased  work 
done.  Does  working  in  a  dull  illumina- 
tion set  up  a  corresponding  fatigue  ? 

Is  the  ocular  movement  due  to  im- 
perfect fixation  ?     The  perifoveal  region 


(A) 


(B) 


PlG.  5. — Diagrammatic  representation  of  (A) 
localised  central  fixation  in  good  illumination 
at  one  definite  circumscribed  area  of  the  retina 
— the  fovea;  (B)  indefinite  perifoveal  fixation 
in  dull  illumination,  all  areas  of  equal  value 
with  resulting  tendency  to  movement  of  the 
eye  in  a  circular  direction,  producing  ((')  the 
typical  mtatory  oscillation  of  the  eyes  in 
miners'  nystagmus. 

of  the  retina  is  more  sensitive  than  the 
foveal  for  dull  illumination.  For  accurate 
fixation  in  good  light  the  object  is  brought 
to  a  focus  on  the  fovea,  a  definitely  circum- 
scribed and  specially  sensitive  area  of 
the  retina.  If  the  perifoveal  area  is 
used  one  point-  is  as  good  m  a  not  her. 


and  an  area  of  equally  sensitive  points 
could  be  found  in  a  circle,  say  ten  degrees 
from  the  fovea.  The  object  may  be 
focussed  on  any  one  of  these  points  or 
on  one  point  after  another.  If  so  a 
tendency  to  a  circular  or  wheel-like 
motion  of  the  eye  might  be  set  up,  and 
it  is  a  wheel-like  movement  which  is  the 
typical  form  of  oscillation  found  in  miners' 
nystagmus.  Lancaster  (10)  says  that 
work  in  deficient  light  demands  an 
amount  of  fixation  greatly  in  excess  of 
that  called  for  under  ordinary  circum- 
stances. Edridge  Green  (6)  says  that 
the  movement  of  the  eyes  is  in  the  interests 
of  vision. 

Tilting  of  head. 

The  backward  inclination  of  the  head, 
which  is  a  most  characteristic  sign  of 
the  disease,  is  in  my  opinion  the  result 
of  an  attempt  to  get  the  eyes  in  a  position 
of  maximum  stability,  convergence  and 
depression,  and  at  the  same  time  to 
direct  the  line  of  vision  forward. 

Colour  relief. 

What  is  the  bearing  of  absence  of 
contrast  or  colour  relief  ?  Is  Elworthy  (7) 
right  when  he  lays  the  greatest  stress  on 
the  lack  of  colour  relief  or  are  light 
absorption  and  feebleness  of  illumination 
the  chief  factors  ? 

Seasonal  prevalence. 

"Why,  as  Dransart,  (8)  Elworthy,  (') 
Ohm  (9)  and  myself  (2)  have  pointed 
out,  should  nystagmus  be  more  common 
in  the  winter  months  ?  Ohm  accepts  my 
explanation  that  in  winter  the  absence  of 
sunlight  (coal  workers  in  the  old  days 
rarely  saw  the  sun  except  on  Sundays) 
interferes  with  the  normal  formation  of 
pigment  in  the  retinal  cells.  Stassen  (•"') 
says  that  nystagmus  is  commoner  among 
men  working  by  day.  Think  of  the 
colourless  plant  striving  to  grow  in  the 
cellar  and  of  the  nystagmus  of  albinoes. 
I  think  also  that  miners*  nystagmus  is 
commoner  in  men  with  fair  hair  and  light 
coloured  eyes. 

G\ 'are. 

Although  glare  is  generally  associated 
with  light  of  great  intensity,  in  the  low 
illumination  of  a  coal  mine  any  diiv<  t 
rays  of  light   which   fall   into  the  eye 
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FlG.  7.— Setting  a  pair  of  Timbers. 


produce  inconvenience,  amounting  in 
the  case  of  the  nystagmic  worker,  to 
discomfort  or  even  pain.  Many  colliers 
also  work  in  a  reclining  position  with  the 
lamp  at  their  feet,  so  that  the  light  shines 
obliquely  into  their  eyes.  It  is  known 
that  the  effect  of  glare  is  increased  when 
the  source  of  light  has  a  black  back- 
ground and  diminished  when  a  white 
reflector  is  used.  Very  few  colliers  will 
work  at  the  coal  face  with  a  reflector 
as  the  amount  of  working  area  illumin- 
ated is  too  small  necessitating  frequent 
changes  in  the  position  of  the  lamp. 
Mr.  Turner  of  the  Stafford  Company 
gave  a  man  working  on  a  coal  cutter 
a  bull's  eye  miners'  rescue  lamp.  The 
man  refused  to  use  the  lamp  after  the 
first  day,  his  reason  being  that  he  had 
to  keep  changing  the  position  of  the  lamp 
continually.  Would  it  be  possible,  how- 
ever, by  the  use  of  a  very  large  reflector 
with  a  matt  surface  to  give  a  diffused 
light  over  a  comparatively  large  area 
and  so  avoid  glare  ? 

Quality  of  light. 

It  has  been  suggested  by  Nicholls 
that  the  eye  has  developed  itself  to  be 
most  sensitive  to  yellow  light.     (Quoted 


Fig.  6. — Ripping  Top. 
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Fig.  8.— Middle  Holing. 


Fig.  9.— Bottom  Holing. 

Typical  Positions  assumed  by  the  Miner  at  work. 
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by  Trotter  "  Illumination,"  page  173.) 
Given  equal  candlepower,  up  to  five 
candlepower,  are  the  yellow  rays  of  the 
candle  or  oil  lamp  more  restful  to  the 
eyes  than  the  "  hard "  white  electric 
light  ?  What  would  be  the  effect  on 
candlepower  of  a  coloured  screen  in  front 
of  an  electric  lamp  ?  Men  suffering 
from  miners'  nystagmus  have  complained 
of  the  glare  of  the  electric  lamp,  but  it 
is  a  well  established  fact  that  men, 
after  failure  with  oil  lamps,  have  been 
able  to  continue  when  given  electric 
lamps.  I  do  not  think  myself  that  the 
question  of  hardness  should  lie  allowed 
to  influence  the  more  vital  question  of 
candlepower. 

III.    The  Effect  of  Dull  Illumination  on 
the  Eyesight  of  Miners. 

(1)  Injury. 

Miners  from  the  nature  of  their  work 
are  very  subject  to  injuries  of  the  eye. 
In  the  same  way  as  the  tattooing  of  the 
skin  by  coal  dust  indicates  his  calling 
so  do  the  corneal  scars,  so  frequently 
seen  in  old  miners,  tell  of  old  injuries 
received.  ■  Although  the  injury  to  the 
eyes  can  only  be  indirectly  attributed 
to  bad  illumination,  the  difficulty  of 
attending  promptly  to  the  foreign  body 
makes  the  prognosis  in  these  cases  bad, 


and  loss  of  the  eye  frequently  follows 
a  comparatively  trivial  injury.  In  an 
investigation  of  the  factors  concerned 
in  the  causation  of  industrial  accidents 
Dr.  Vernon  (")  found  that  accidents  to  the 
eye  due  to  foreign  bodies  were  from 
7-27  per  cent,  more  numerable  in  the 
night  than  in  the  day.  In  2G9,  or  18 
per  cent,  of  my  cases  there  was  a  distinct 
connection  between  the  history  of  an 
accident  to  the  eve  and  the  onset  of 
nystagmus. 

(2)   Disease. 

In  my  opinion  the  dominating  factor 
in  the  production  of  miners'  nystagmus 
is  the  low  illumination  found  both  in 
the  open  light  and  safety  lamp  coal  mine. 
The  arguments  in  favour  of  this  con- 
tention are  given  at  length  in  my  book 
but  may  be  briefly  indicated  here  :■ — 

(1)  Of  1*450  consecutive  cases  of 
miners1  nystagmus,  1,439  had  worked 
with  safety  lamps,  1,415  almost  entirely, 
and  only  11  men  with  candles  alone. 

(2)  As  a  result  of  an  investigation 
carried  out  in  the  Rhymney  Valley. 
where  I  saw  every  case  of  nystagmus, 
tested  the  lamps  at  each  colliery  and  took 
photometric  leadings  of  the  light  actually 
falling  on  the  coal  face  in  the  various 
pits  the  following  tables  are  put  forward  : 


Safety  lamp  pits 
Candle  pits 


Table  II. 


Relative 
percentage  oi 

cases   of 
nystagmus  to 
men  employed. 


Average 
candlepower  of 

illuminant. 


•35 


Average 

illumination 

in  foot -candles 

at  coal  face. 


•018  or  1 
•09     or  5 


Table  III. 


Percentage  of 

nystagmus  to 

men  employed. 


Candlepower 
clean  lamps. 


Candlepower 
dirty  lamps. 


l>it 


200 

1-57 

•66 

•56 

•42 


•233 

•27 
•33 
•4 
•42 


•22 
•2 

•25 

•28 
•27 
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Nystagmus  is  practically  unknown 
in  the  purely  naked  light  districts  of 
Somerset  and  the  Forest  of  Dean,  and  is 
rare  in  the  open  light  pits  of  South  Wales. 
In  1910,  Scotland,  where  open  light  pits 
are  common,  had  only  one  quarter  of 
the  number  of  cases  of  nystagmus  as 
compared  with  England  and  Wales  taking 
into  consideration  the  number  of  men 
employed.  Holing  is  common  in  these 
pits.  Of  my  1,450  cases  over  50  per 
cent,  had  done  no  holing. 

Ohm  says  :  Wherever  the  Wolf  benzine 
lamp  is  used  the  disease  is  not  prevalent. 

Stassen  (5)  has  recently  issued  some 
interesting  statistics  which  support  this 
view.  His  results  are  given  in  the  table 
below. 


supported  by  experimental  work  came 

to  the  following  conclusions  : — 

The  effects  of  unsatisfactory  illumina- 
tion are — 

(a)  Accidents.     Increased  prevalence. 

(b)  Damage  to  eyesight  and  health. 

"  There  is  a  general  impression  that 
unsatisfactory  lighting  is,  in  various 
ways,  prejudicial  to  health." 

(c)  Diminished  output.  Generally 
admitted. 

If  these  results  are  found  in  the  com- 
paratively good  illumination  of  factories, 
how  much  more  should  they  be  found  in 
the  admittedly  bad  illumination  of  the 
coal  mine. 


Table  IV. 


Luminosity  in 
Heffner  units. 

Influence  on  Nystagmus. 

Mode  of  Lighting. 

Beginning 
of  shift. 

End  of 
shift. 

Grave  cases 
per  10,000. 

Serious 

cases 

per  1,000. 

No.  of  cases 

to  %  of 
workers  on 
day  shift. 

Oil  Safety  Lamps 
Benzine  Lamps 
Candles  and  Naked  Lamps 
Electric  Lamps 
Acetylene  Lamps 

0-50 

101 

0-7 

1-75-2 

8-15 

0-28 
0-80 
0-7 

n-ij 

8-15 

35 

12 

0 

8 
0 

57 
44 
13 
12 
0 

31 
21 

28 
15-4 
0 

IV.— Economic  Factors. 

We  are  by  this  time  agreed,  I  hojie, 
that  the  illumination  in  the  safety  lamp 
coal  mine  is  insufficient.  Three  con- 
siderations stand  out — 

(1)  What  benefits  may  be  expected 
with  an  increased  illumination  ; 

(2)  Will  these  benefits  justify  the 
increased  cost ; 

(3)  Results  obtained  from  increased 
illumination. 

(1)  Benefits  to  be  expected. — The 
Departmental  Committee  on  Light- 
ing in  Factories  (1915)  after  a  very 
thorough      examination      of      evidence, 


Incidence,  of  Accident  and  Industrial 
Disease. — Let  us  see  first  what  acci- 
dent and  industrial  disease  cost  the  coal 
owners. 

(a)  Accidents. . 

The  figures  quoted  are  taken  from  the 
blue  books  "  Statistics  of  Compensation  " 
last  published  in  1914  for  the  year  1913. 

In  1913,  195,387  accidents  occurred 
in  the  mining  industry  of  Great  Britain. 
For  the  years  1909-1913  inclusive,  the 
average  cost  of  compensation  per  person 
employed  was  22s.  With  the  present 
75  per  cent,  increase  in  the  rate  of  pay- 
ment this  figure  will  be  correspondingly 
increased.  From  1909-1913  the  cost 
of  compensation  rose  yearly,  and  it  is 
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probable  that  for  1920  the  average  cost 
per  person  employed  will  be  over  £2. 

Official  returns  state  that  in  1919, 
1,113  fatal  accidents,  causing  1,176 
deaths,  took  place  in  the  mines  of  Great 
Britain. 

How  many  of  these  accidents,  both 
trivial  and  fatal,  might  have  been 
prevented  with  better  illumination  ? 

It  is  alleged,  and  quite  justly  alleged, 
that  many  accidents  are  due  to  careless- 
ness on  the  part  of  the  workmen,  but 
might  not  increased  illumination  lessen 
the  incidence  of  these  accidents  In  my 
official  capacity  I  see  thousands  of 
accidents  every  year  and  I  have  often 
been  struck  by  the  history  given  by  the 
men.  I  have  often  felt  that  so  little 
separates  the  occurrence  from  the  non- 
occurrence of  many  of  the  smaller 
accidents  which  mount  up  so  in  the 
aggregate  and  cause  much  loss  of  time. 
Quite  trivial  accidents  lead  to  serious 
consequences.  A  stiff  finger  may  throw 
a  man  out  of  work  for  months.  The 
more  serious  accidents  generally  occur 
from  falls  of  roof  at  the  coal  face  or  in 
the  main  roads  from  insufficient  spragging 
of  the  loads.  It  is  commonsense  to  say 
that,  with  a  better  light  especially  with 
a  lamp  that  can  be  tilted  without  fear, 
the  examination  of  the  roof  for  the 
treacherous  cracks  which  indicate  the 
coming  fall  will  be  facilitated. 

Out  of  3,333  consecutive  accidents 
in  one  mining  district  3,057  occurred 
underground.  The  coal  face  was  respon- 
sible for  52-27  per  cent.,  the  haulage 
roads  for  45-6  per  cent.,  and  the  shaft 
and  pit  bottom  for  the  rest — 2-13  per 
cent. 

(b)  Industrial  disease. 

In  the  paper  read  at  Stoke  I  stated 
that  over  6,000  men  had  been  disabled 
every  year  since  1913  from  miners' 
nystagmus  and  that  the  cost  to  the 
country,  not  to  the  industry,  was  one 
million  pounds  a  year.  The  paper  was 
reprinted  in  the  leading  colliery  journals 
and  the  subject  of  a  leading  article 
in  one  journal.  No  adverse  criticism 
was  made  on  the  figures  which  may 
then  be  taken  as  approximately  correct. 

The  average  age  at  failure  in  my  cases 
was  40  years.  The  services  of  able-bodied 
men  of  40  then  may  be  lost  to  the  State 


when  they  should  have  twenty  years 
of  working  life  before  them.  We  may 
say  that  accident  and  industrial  disease 
cost  the  colliery  proprietors  two  million 
a  year  and  the  State  much  more. 

(c)  Output. 

If  you  conserve  your  man  power  by 
diminishing  the  incidence  of  accident 
and  disease  you  will  necessarily  increase 
the  output.  As  a  direct  result  of  in- 
creased illumination  you  should  have 
an  increased  output. 

(2)  Cost  of  increased  illumination. — -A 
commercial  proposition  ? 

Quite  apart  from  the  moral  obligation 
of  the  coal  owner  to  alleviate  the  con- 
ditions under  which  his  employees  work 
I  hold  that  the  expense  incurred  in 
increasing  the  illumination  is  sound 
commercially.  I  am  sure  the  colliery 
owners  would  be  only  too  willing  to 
introduce  new  installations  if  they  were 
only  sure  of  obtaining  a  satisfactory 
lamp.  In  a  discussion  ('-)  last  month 
on  a  paper  on  safety  lamps  by  Mr. 
James  Jackson  before  the  Lancashire 
Branch  of  the  National  Association  of 
Colliery  Managers,  Mr.  A.  Miller  said 
"  A  point  that  had  struck  him  was 
that  they  were  using  the  same  lamps  as 
they  did  30  years  ago,  a  fact  which  was 
no  credit  to  the  mining  community 
generally — it  was  sufficient  if  they  got 
a  light  which  was  good  and  could  burn 
for  ten  hours.  That  was  what  was 
required,  and  the  sooner  the  inventive 
minds  in  the  country  turned  their 
attention  in  that  direction,  and  the 
sooner  the  owners  let  makers  know  they 
were  prepared  to  pay  for  it,  because  it 
would  be  one  of  the  cheapest  things  they 
could  have,  the  better  it  would  be  for 
the  mining  community." 

The  electric  lamp  costs  from  |d.-ld. 
a  week  more  than  the  oil  lamp,  but  the 
original  cost  is  much  higher. 

The  cost  of  the  oil  lamp  is  generally 
given  at  3|d.  per  lamp  per  week.  The 
cost  of  the  electric  lamp  varies  very 
much.  Mr.  Johnson  estimates  the  cost 
of  the  electric  lamp  used  at  the  Mossfield 
Colliery  at  about  2|d.  per  lamp  per  week. 
Figures  quoted  by  lamp  manufacturers, 
including  cost  of  lamp,  show  the  cost 
to  vary  fiom  0-79 — 0-82  of  a  penny  per 
'shift  without  current  or  labour.     Upkeep 
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•costs  may  vary  from  Id.  per  lamp  per 
week  in  the  first  year  to  3d.  in  the  third 
year  when  renewals  and  purchase  of 
duplicate  parts  are  required. 

I  think  the  lamp  of  the  future  will  be 
the  electric  lamp  and  already  large 
numbers  are  being  installed.  One  firm 
claims  to  have  nearly  200,000  of  its  lamps 
in  use,  including  installations  of  12,000 
and  15,000  lamps  to  two  companies. 

Results  of  increased  illumination. 

I  have  shown  you  the  magnitude 
of  the  subject  and  you  will  ask  if  I  have 
any  figures  to  support  the  contention 
that  increased  illumination  diminishes 
the  incidence  of  disease  and  accident 
and  increases  output. 

(1)  In  the  open  light  pit  nystagmus 
is  rare,  in  the  safety  lamp  pit  the  disease 
is  common.  I  have  shown  that  the 
illumination  in  an  open  light  pit  is  five 
times  that  of  a  safety  lamp  pit.  Xo 
comparison  can  be  made  between  these 
pits  from  the  point  of  view  of  accident. 

(2)  In  my  own  district  the  Mossfield 
Colliery  Company  owns  two  pits  a  couple 
of  miles  apart  in  which  the  same  seam 
is  worked  under  exactly  similar  con- 
ditions. Six  years  ago  nystagmus  was 
equallv  common  in  both  pits  and  the 
Manager,  Mr.  Caleb  Johnson,  started  to 
introduce  electric  lamps  into  one  of  the 
pits.  I  went  down  one  of  the  pits 
(Pit  A)  and  took  photometric  readings 
six  years  ago  and  I  have  repeated  these 
tests  in  the  second  pit  (Pit  B)  last  week. 
The  readings,  together  with  Mr.  John- 
son's figures  as  to  output,  incidence  of 
disease  and  accident  are  given  in  the 
tabic  below  : — 


I  include  some  figures  from  South 
Wales  where  the  introduction  of  electric 
lamps  has  been  carried  out  on  a  larger 
scale. 

Dr.  Phillips  has  kindly  sent  me  the 
number  of  fresh  cases  of  nystagmus 
occurring  during  the  last  five  years 
among  ten  thousand  colliers  working 
for  two  companies.  In  one  company 
oil  lamps  alone  are  used  and  the  yearly 
incidence  of  nystagmus  is  0'57  ;  in  the 
second  company  nearly  50  per  cent,  of 
the  lamps  used  are  electric  and  the 
incidence  of  the  disease  is  0"175.  Dr. 
Phillips  writes  : — "  The  incidence  of 
nystagmus  is  undoubtedly  greater  where 
oil  lamps  only  are  used.  I  am  also  con- 
vinced that  the  presence  of  nystagmus 
is  responsible  for  a  large  number  of 
accidents."  Dr.  Elworthy  says  that  for 
the  years  1909-1911  the  percentage  of 
nystagmus  among  underground  workers 
in  his  district  was  071.  With  improved 
ventilation  and  the  introduction  of  over 
6,000  electric  lamps  the  incidence  fell 
to  01  in  1919. 

In  the  Ophthalmoscope,  Vol.  XIII., 
Mr.  Coulter,  of  Newport,  quotes  a  letter 
from  the  Manager  of  a  group  of  Welsh 
Collieries  employing  2,600  men.  The 
letter  is  slightly  abbreviated  : — 

<;  Sir, 

"  We  had  had  102  cases  of  nystagmus 
certified,  but  a  far  greater  number  of 
men  have  appealed  to  us  for  electric 
lamps.  Electric  lamps  on  a  small  scale 
were  introduced  June,  1912.  A  number 
of  cases  working  on  surface  have  re- 
turned to  work  underground  with  electric 


Lamps  used 
C.P. 


Table  V. 


Illumination 
at  coal  face  in 
foot-candles. 


Pit  A 
Pit  B 


Oil  0-25 

Electric    0-62 


0015 
0023 


Cost  of 

Nystagmus 

per  ton. 


negligible 


Shifts  lost 

from 
accident. 


1  in  23 
1  in  54 


Output  per 

person  per 

shift, 


100 
105 


These  measurements  were  all  taken 
at  the  end  of  the  shift  in  a  very  dusty 
seam. 


lamps.     From  experience  gained  we  have 
come  to  conclusion — 
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"  1st. — That  insufficient  light  causes 
nystagmus. 

"  2nd. — That  the  introduction  of 
electric  lamps  has  enabled  scores  of  our 
workmen  to  continue  working  under- 
ground. 

"  3rd. — That  the  use  of  an  electric 
lamp  is  a  good  preventative  of 
nystagmus." 

V. — Standard   of  Illumination  Required. 

Nystagmus  is  common  in  oil  safety 
lamp  pits  and  rare  in  candle  pits.  If 
then  we  compare  the  light  given  by  the 
oil  safety  lamp  in  general  use  with  that 
of  the  candle,  we  may  be  able  to  set  up 
a  standard  of  minimum  illumination. 
In  the  following  table  the  value  of  the 
candle  has  been  taken  as  one  wherever 
possible. 


and    the    following    measurements    were 
taken  : — 


Candlepower 

095 

Foot-candle. 

Drilling  shot  hole 

0T* 

Working  ratchet  machine    . . 

0-55 

Examination  of  roof 

025-O-2& 

Holing — 

Kneeling 

018 

Semi-reclining  position 

0T8 

Full  reclining  position,  coal 

undercut   two  foot  three 

inches 

0-08 

Compare  the  last  readings  given  with 
the  average  general  illumination  of  art 
oil  safety  lamp  coal  face  0-018  foot- 
candle  and  with  the  results  given  in 
Table  I. 

The  most  striking  features  about  the 
lamj)  are  the  large  area  and  uniformity 
of    illumination     and    the    absence     of 


Table  VI. 


Candle. 


Safety  Lamp. 


Distance  from  coal  face 
Candle-power 
Spherical  candlepower    . . 
Area  illuminated.. 
Illumination  at  coal  face 

Mobility 

Constancy 
Relighting 
Attention  required 


1 

1 

1 

1 

1 

Can  be  placed  anywhere 

Remains  constant 

Easy 

Nil 


2-6  times  as  far 

0-5 

0-22 

0-5 

0-2 

Fixed 

May  lose  30% 

Difficult 

Frequent 


I  suggest  the  standard  to  be  aimed  at 
be  that  of  the  candle  pit — an  average 
illumination  of  one-tenth  of  a  foot- 
candle — over  the  whole  working  area. 
A  cap  lamp  of  one  candle  would  give 
a  greater  illumination  than  this,  but 
the  ordinary  lamp  placed  at  least  twice 
as  far  from  the  face  as  a  candle  must  be 
of  three  to  four  candlepower  to  give  the 
same  result. 

Last  week  I  was  able  to  test  under- 
ground this  Oldham  electric  cap  lamp, 
which  I  now  show  you.  While  walking 
to  the  coal  face  I  wore  the  lamp  in  my 
belt,  and  the  whole  of  the  travelling 
road  was  well  lit  up.  I  have  never 
picked  my  way  so  easily  in  a  pit.  At  the 
coal  face  the  lamp  was  worn  in  the  cap 


shadows.  The  old  Japanese  proverb  that 
the  darkest  place  is  just  below  the  candle- 
stick fortunately  remains  true  and  the 
workers'  eyes  are  consequently  pro- 
tected from  all  glare. 

If  the  lamp  is  held  two  foot  three 
inches  from  a  blank  wall  an  area  15  feet 
wide  and  10  feet  high  is  illuminated. 
The  weight  of  the  lamp  is  2|  lbs.,  the 
lamp  itself  and  twelve  inches  of  cable 
weigh  seven  ounces,  a  small  weight 
for  men  who  have  been  used  to  wearing 
a  steel  hat. 

Examination  of  the  roof  can  be 
carried  out  very  quickly  and  efficiently. 


*A    Hailwood    combustion    lamp    placed    in 
nearest  position  gave  0-02  foot-candle. 
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I  was  very  impressed  with  the  trial  and 
predict  a  great  future  for  a  lamp  of  this 
character.  The  advantage  of  taking 
your  light  with  you  wherever  you  go  and 
always  having  it  most  advantageously 
placed  makes  the  cap  lamp  about  six  to 
eight  times  as  efficient  as  an  ordinary 
oil  safety  lamp  and  two  to  three  times 
as  efficient  as  the  electric  lamps  in  present 
day  use.  I  suggest  the  lamp  be  given 
a  trial  in  the  first  place  in  the  haulage 
roads  where  the  lamp  has  to  be  con- 
tinually carried  about  and  where  20  per 
cent,  of  all  oil  lamps  are  extinguished 
each  shift.  These  cap  lamps  are  used 
very  extensively  in  America  and  their 
safety  has  been  vouched  for  by  the 
United  States  Bureau  of  Mines. 

The  miner's  lamp. 

The  miner's  lamp  should  be  safe, 
foolproof  and  of  simple  construction. 
It  should  be  of  substantial  make  and 
easily  taken  to  pieces  for  repair.  If 
not  built  to  stand  the  rough  usage  it 
will  undoubtedly  receive,  no  repeat 
orders  will  be  obtained,  and  discredit 
will  be  thrown  on  the  industry.  A 
constant  steady  light  for  at  least  eight 
hours  is  required.  The  area  illuminated 
should  be  as  large  as  "possible  and  few 
shadows  should  be  thrown.  The  lamp 
should  be  easily  re-lighted  and  require 
no  attention.  An  easily  adjustable  and 
readilv  removable  reflector  should  be 
fitted. 

The  purely  technical  questions  of  the 
relative  advantages  and  disadvantages 
of  the  acid  and  alkaline  cells,  the  high 
upkeep  cost  and  variability  of  bulbs 
and  other  kindred  matters  I  leave  to  the 
makers,  but  I  must  call  attention  to  the 
poor  quality  of  the  glass  supplied,  both 
to  the  oil  and  electric  lamp  manufacturers. 
A  good  light  may  be  quite  marred  by 
the  poor  quality  of  the  lamp  glass. 

Lamp-room  organisation . 

Under  this  heading  I  only  wish  to  call 
attention  to  the  importance  of  the  lamp- 
room,  which  should  be  the  show  place 
of  the  colliery  and  under  the  care  of  a 
thoroughly  capable  and  experienced  man. 
The  proper  cleaning  of  lamps,  especially 
oil  lamps,  is  of  great  importance  and 
machine  brushes  should  be  fitted.  Lamps 
C2 


cannot    be    cleaned    by   hand     without 
undue  multiplication  of  the  staff. 

Miners'  Lamp  Committee. 

At  the  present  moment  there  is,  sitting 
in  London,  a  Committee  to  inquire 
into  the  improvement  of  the  miners"  lamp. 
Let  us  assume  for  the  moment  that  they 
will  decide  that,  although  the  lamps 
of  the  present  day  show  great  improve- 
ment, the  standard  reached  is  not  sufficient 
for  them  to  recommend  the  general 
introduction  of  any  one  lamp.  What 
will  they  do  ?  Will  they  leave  the  future 
of  the  lamp  in  the  hands  of  manufacturers, 
laying  down  a  standard  to  be  aimed  at, 
or  will  they  throw  the  onus  on  the  coal 
industry  ?  This  brings  up  the  question 
of  research  and  the  advisability  or  other- 
wise of  apportioning  a  sum  of  money 
for  this  end. 

I  hope  it  will  be  the  privilege  of  this 
meeting,  which  Mr.  Gaster  has  striven 
to  make  as  representative  as  possible, 
after  pointing  out  the  urgent  need  for 
increased  illumination  in  our  coal  mines, 
to  indicate  the  methods  for  obtaining 
this  end.  I  myself  am  full  of  hope, 
as  the  coalowners,  who,  as  a  class,  have 
always  the  best  interest  of  their  em- 
ployees at  heart,  nowT  realise  the  import- 
ance of  the  question.  I  think  that  in  this 
twentieth  year  of  the  twentieth  century 
the  long  continued  supremacy  of  the 
farthing  dip  will  be  finally  ended. 
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LIGHTING  CONDITIONS    IN   MINES,   WITH    SPECIAL  REFERENCE   TO 
THE   EYESIGHT  OF    MINERS   {DISCUSSION). 

Special  Contribution  by  H.  S.  Elworthy,  F.R.C.S. 


To  illuminate  coal  mines  satisfactorily, 
what  is  required  is  a  safety  lamp  that 
will  give  sufficient  light,  and  of  a  suitable 
quality,  to  enable  the  miner  to  work 
without  getting  the  disease  known  as 
miner's  nystagmus. 

This  is  a  disease  of  the  nervous  system. 
and  not  one  of  the  eye  only. 

As  mines  become  older,  and  the  coal 
further  away  from  tie'  fresh  air  shaft, 
the  air  becomes  more  deoxydised,  and 
oil  lamps  give  less  light.  It  must  nut  be 
forgotten  that  if  tie'  air  is  so  had  that 
a  lamp  will  not  bum  properly,  it  is  had 
for  the  man  to  work  in  it,  and  simply 
to  provide  a  better  light  and  leave  him 
to  work  in  had  air  is  not  a  complete 
remedy — it  is  only  a  partial  one.  The 
conditions  in  coal  mines  are  different 
from  those  in  any  other  occupation. 

The  colour  of  coal  is  nearly  black, 
containing  from  2-|  to  3|  per  cent,  of 
white,  and  the  slack  is  sometimes  as  black, 
but  more  often  slightly  lighter. 

The  colour  relief  is  the  average  of  these 
taken  together.  Here  is  a  card  showing 
the  colour  of  one  of  our  pits,  it  contains 
between  1\  and  3  per  cent,  of  white. 

I  will  give  three  examples  of  conditions 
found  in  steam  coal  pits  : — 


Candle- 


Surface     Distance 


power  of  Colour  bright-        lamps 

lamp.  relief.        ness.  apart. 

Pit  1    . .       -1  2-7  -00058  15  ft.  6  in. 

Pit  2    ..       -19  2-55  -00055  18ft. 

Pit  3    ..       -12  3-3  -0004  8  ft.  6  in. 

Here  men  work  in  surroundings  with 
only  3  per  cent,  of  colour,  -or  less,  with 
lamps  from  8  to  15  feet  apart,  giving  from 
•]  to  -2  candlepower,  and  where  the  coal 
only  reflects  about  half  a  thousandth  part 
of  a  foot-candle,  and  that  light  appears  as 
small  glistening  white  or  bluish-white 
specks.  No  red  or  yellow  is  seen.  The  roof 
in  some  places  is  black  and  glassy,  and  is 


faintly  radioactive.  Here  is  a  photo- 
graph taken  by  placing  lead  letters  on  a 
plate  and  the  piece  of  roof  resting  on  them. 

If  a  man  works  20  years  with  his  head 
close  under  such  a  roof,  it  is  just  possible 
that  it  may  have  some  effect  on  his 
nervous  system,  but  I  rather  doubt  it, 

Concerning  nystagmus,  a  paper  of  mine 
was  published  in  the  British  Medical 
Journal  for  November  19th,  1910,  in 
which  I  suggested  that  more  colour 
should  be  introduced  into  mines,  and 
that  the  men  should  have  more  daylight ; 
and  in  another  paper  which  appeared  in 
the  Ophthalmoscope  for  December,  1912, 
it  was  shown  in  the  reprint  that  the 
incidence  of  nystagmus  was  inversely 
proportional  to  the  chromophotic  index 
of  the  mine,  and  that  I  had  found  no 
nystagmus  when  this  index  was  as  high 
as  500. 

The  chromophotic  index  is  made  up  of 
three  factors — the  candlepower  of  the 
lamp,  the  surface  brightness  of  the  coal, 
and  the  colour  relief.  We  cannot  alter 
the  surface  brightness  to  any  extent, 
but  we  can  alter  the  colour  relief  by 
jmssing  the  posts  through  a  light  wash, 
or  by  colouring  the  roof,  and  we  can  alter 
the  candlepower  either  by  improving 
the  ventdation  or  by  introducing  electric 
lamps. 

So  far  colliery  owners  do  not  seem  to 
fancy  introducing  colour,  and  the 
problems  of  ventilation  are  very  difficult, 
so  they  prefer  to  increase  the  candlepower 
of  the  lamps. 

In  the  Ebbw  Vale  collieries  for  the  years 
1909,  10  and  11  our  percentage  of 
nystagmus  among  underground  workers 
was  -71,  the  general  percentage  for 
South  Wales  was  -17,  and  for  the 
Anthracite  Field,  -019,  so  we  had  four 
times  as  much  as  the  average  for  South 
Wales.  Since  then  certain  changes  have 
been  made. 

A  new  fan   was  put  into  one  mine, 
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haulage  engines  are  now  worked  by 
compressed  air,  so  more  gets  into  the 
mines. 

Electric  lamps  were  introduced  in 
1914,  first  the  C.E.A.G.,  and  these  have 
now  been  replaced  by  the  Oldham 
lamp.     We  have  over  6,000  of  them  now. 

In  1914  we  had  -73  of  nystagmus, 
and  the  next  year  it  had  dropped  to 
•22.  Then  the  war  came  and  "  summer 
time  "  was  introduced,  and  then  shorter 
hours,  so  the  men  got  more  daylight; 

A  number  of  our  colliers  went  to  the 
war,  and  their  places  were  taken  by  new 
men  who  would  not  be  likely  to  get 
nystagmus  for  years. 

For  last  year,  1919,  our  percentage 
had  dropped  to  -1,  the  general  rate 
for  South  Wales  was  -28,  and  for  the 
Anthracite  Field  -16,  so  we  had  less  than 
half  the  average. 

In  looking  over  my  papers  for  1913 
I  find  two  calculations  to  determine  the 
minimum  candlepower  required  to  bring 
two  of  our  worst  pits  up  to  the  safety 
margin,  that  is  to  say,  a  chromophotic 
index  of  500,  and  in  both  cases  the  candle- 
power  required  was  -9. 

This  coincides  very  closely  with  Dr. 
Llewellyn's  results,  as  he  suggests  that 
it  should  be  one  candlepower. 

But  let  me  make  it  quite  clear  that 
when  I  say  a  miner's  lamp  should  be 
one  candlepower  I  mean  that  the  light 
that  passes  through  the  thick  outer 
glass  is  fully  equal  to  a  standard  candle. 
I  certainly  do  not  mean  that  the  little 
electric  bulb  may  give  one  candlepower, 
but  when  the  outer  glass  is  put  on 
the  light  is  a  good  deal  less.  To  call 
such  a  lamp  one  candlepower  is  mis- 
leading. 

Now,  as  to  the  quality  of  the  light. 
With  an  oil  lamp,  one  sees  a  rich  yellow 
light  with  a  tinge  of  red  in  it  when  in 
fresh  air,  but  on  arriving  at  the  coal 
face,  where  the  candlepower  has  become 
reduced,  say  from  -5  to  -1,  a  very  notice- 
able change  is  to  be  seen.  Although 
the  flame  is  practically  the  same  size, 
it  has  become  distinctly  paler.  Part 
of  the  red  and  yellow  rays  have  dis- 
appeared, and  the  flame  looks  pale  bluish- 
white.  On  returning  to  the  surface 
the  yellow  and  red  appear  again.  In 
places  where  the  coal  reflected  a  large 
proportion  of  blue,  with  this  pale  bluish 


light,  I  noticed  a  sensation  of  strain  and 
discomfort  in  the  eyes,  but  in  places 
where  the  coal  did  not  reflect  much  blue 
it  was  not  noticed.  In  one  of  these 
bluish  pits  where  the  roof  had  been 
whitewashed  for  experiment.  I  and  others 
noticed  a  distinct  sense  of  relief  to  the 
eyes  when  passing  under  it. 

The  light  that  affects  the  eye  of  a 
miner  is  that  which  is  reflected  into  it 
from  the  coal.  That  is  the  important 
point. 

Experiments. 

In  order  to  find  out  what  rays  were 
most  irritating  to  the  eyes,  I  got  some 
light  filters  which  roughly  divide  the 
spectrum  into  three  equal  parts,  red, 
green  and  blue. 

With  a  small  lamp  in  a  dark  box.  a 
ray  of  light  was  passed  through  these 
filters,  through  an  aperture  1  mm.  in 
diameter,  thus  showing  a  small  srjot  of 
light  in  a  dark  room. 

Thirty  people  were  tested  by  these 
lights. 

After  looking  at  the  spot  of  light  for 
a  short  time,  the  visual  purple  in  the 
retina  where  the  light  falls  on  it  becomes 
exhausted,  and  the  eyes  unconsciously 
move  in  order  to  focus  it  on  other  parts 
of  the  retina  and  so  enable  it  to  be  seen, 
and  this  is  what  happens  in  nystagmus. 

These  experiments  led  me  to  conclude 
that  the  red  and  green  caused  the  most 
active  movements,  but  in  the  case  of  the 
blue  the  spot  of  light  quickly  disappeared, 
to  reappear  and  disappear  again.  It 
seemed  to  exhaust  the  visual  purple 
more  than  the  other  colours,  but  caused 
less  active  movements. 

If,  however,  all  red  rays  were  excluded 
by  using  a  blue-green  glass,  or  a  methyl 
violet  filter,  the  movements  were  active, 
but  the  tendency  to  disappear  remained 

In  the  case  of  a  man  who  was  rather 
subject  to  watery  eyes,  the  effect  was 
remarkable.  The  red  and  green  gave  the 
ordinary  movements,  but  no  trouble ; 
but  the  blue  brought  on  profuse  lachry- 
mation,  and  after  about  five  minutes  his 
lids  were  swollen  up.  and  he  looked  as  if 
he  were  suffering  from  a  severe  cold. 

Another  man  experienced  smarting  in 
the  eyes  when  methyl  violet  was  used. 

It  seems  to  me  evident  that  the  rays 
from   the  violet   end  of  the  spectrum — 
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which  may  include  ultra-violet  rays — 
have  an  exhausting  and  irritating  effect 
on  the  eye,  and  an  excess  of  them  is  to 
be  carefully  avoided  in  any  lamp  used 
in  a  mine. 

In  cases  of  incurable  nystagmus  I  have 
known  men  to  suffer  severe  pain  in  the 
eyes  and  head  for  years  after  they  had 
left  work,  and  the  pain  often  came  on 
at  night,  when  they  were  not  using  the 
eyes,  so  they  got  up  and  tramped  about 
the  house  because  they  could  not  sleep 
for  pain. 

This  did  not  seem  to  be  due  to  errors 
of  refraction,  because  supplying  new 
spectacles  did  not  cure  it. 

The  condition  must  surely  be  brought 
about  by  something  other  than  the  mere 
working  in  a  defective  light.  It  seems 
suggestive  of  something  in  the  nature 
of  an  X-ray  or  ultra-violet  burn,  and  I 
have  a  strong  suspicion  that  there  is  a 
distinct  relationship  between  incurable 
nystagmus  and  the  rays  from  the' violet 
end  of  the  spectrum. 

In  my  series  of  200  cases,  there  were 
10  incurable,  and  eight  out  of  these 
worked  in  pits  where  the  light  was  pale 
and  the  coal  reflected  a  large  proportion 
of  blue. 

By  using  these  light  filters,  and  a 
corresjxmding  filter  over  the  eyepiece  of 
a  photometer,  it  is  possible  for  a  sensitive 
eye  to  make  a  rough  analysis  of  various 
lights,  and  of  the  light  reflected  from 
different  sorts  of  coal. 

To  give  a  few  examples  : — - 


Light  reflected  from  coals  : — 


Blue 

Green 

Red 

/o 

/o 

0/ 

/o 

Tallow  candle 

5-53 

28-84 

67-63 

Marsaut  oil  lamp    . . 

7-2 

22-2 

70-6 

Carbon          filament 

electric 

6-64 

26-63 

66-63 

C.E.A.G.  electric   . . 

13-63 

3113 

55-24 

Oldham  electric 

17-0 

32-0 

510* 

Here  you  see  the  metallic  filament  lamp 
give  out  twice  as  much  blue  as  the  car- 
bon, or  tallow  candle. 

*This  is  the  result  of  a  single  analysis,  com- 
mencing with  blue  and  ending  with  red.  The 
reading  for  blue  is  therefore  higher  than  it 
should  be.  During  the  observations  the  candle 
power  of  the  lamp  fell  from  0-55  to  0-475  at 
the  end.  A  correct  reading  would  be  obtained 
by  commencing  with  the  red  and  ending  with 
the  blue,  and  averaging  the  results,  several 
observations  being  made  both  ways. 


Blue 

Green 

Red 

/o 

/o 

/o 

House   coal,    Forest 

of  Dean 

4-5 

13-3 

821 

Anthracite 

4-7 

23-9 

71-4 

Welsh  steam  coal . . 

90 

26-0 

65-0 

Ditto 

912 

33-43 

57-45 

Here  you  see  the  steam  coal  reflects 
twice  as  much  blue  as  the  anthracite 
or  the  house  coal,  and  it  is  in  the  steam 
coal  pits  that  we  get  the  most  nystagmus. 

From  these  remarks  it  might  apjjear 
that  the  problem  of  miners'  nystagmus 
is  comparatively  simple,  but  to  me  it  is 
exceedingly  complicated  and  puzzling. 
My  observations  have  been  few,  and 
confined  to  one  locality,  and  it  would  be 
unwise  to  generalise  from  them  unless 
confirmed  by  others. 

Only  once  have  I  noticed  an  oil  lamp 
look  yellow  at  the  coal  face,  and  then  the 
conditions  were  probably  abnormal.  The 
intake  airway  was  partially  flooded  that 
day,  so  we  had  to  go  in  by  the  air  exit. 
While  going  in  there  was  a  fall  of  roof 
partially  blocking  the  way,  but  a  few 
hours  before  there  had  been  a  fall  just 
before  the  last  working  place  was  reached, 
completely  blocking  it  up.  By  the  time 
we  got  there  a  small  jjassage  had  been 
made  large  enough  for  us  to  crawl 
through  with  my  apparatus. 

Here  the  flame  of  the  lamp  was  dis- 
tinctly yellow,  and  from  its  appearance 
I  judged  it  to  be  -4  or  -5  cp.  but  on 
measuring  it  found  it  was  only  -12.  Yet 
the  flame  was  not  small. 

On  analysis  it  was  found  to  contain 
blue  5-2,  green  21-4,  red  73-4,  which  is 
very  much  what  it  would  have  been  on 
the  surface.  As  you  know,  if  a  small 
oil  lamp  is  turned  down  till  it  gives  only 
say  -2  cp.,  it  looks  bluish.  Such  a  flame 
gave  on  analysis:  blue  9-5,  green  26-9, 
red  63-6,  so  that  an  explanation  of  the 
yellowr  flame  seen  in  the  mine  can  only 
be  arrived  at  by  knowing  the  composition 
of  the  air.  In  other  parts  of  that  pit 
the  flame  was  pale.  The  presence  of 
certain  gases  may  have  soznething  to  do 
with  nystagmus.  Much  research  is  re- 
quired before  we  can  profess  to  know  all 
about  it,  and  very  great  care  should  be 
taken   in   illuminating,    lest   a   light    be 
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introduced  which  for  a  time  seems 
beneficial,  but  which  in  the  course  of 
years  may  easily  result  in  a  greatly 
increased  output  of  nystagmus  of  an 
incurable  type. 

If  you  experts  on  illumination  were 
called  in  to  improve  the  lighting  of  a 
room  with  very  dark  and  dingy  paper, 
I  think  the  first  thing  you  would  do  would 
be  to  order  a  lighter  one,  that  would 
reflect  the  light  better.  It  is  the  same 
principle  in  coal  mines.  If,  instead  of 
working  with  a  tenth  of  a  candlepower 
in  coal,  the  men  were  working  in  chalk, 
there  would  be  no  nystagmus.  They 
would  have  a  better  illumination,  because 
chalk  reflects  say  from  90  to  95  per  cent, 
of  light,  but  coal  less  than  9  per  cent., 
so  that  in  chalk  the  tenth  of  a  candle 
would  be  equivalent  to  more  than  a  full 
candle  in  a  coal  mine. 

It  is  not  so  much  the  amount  of  light 
thrown  on  the  surface  that  matters, 
but  rather  the  amount  reflected  back, 
and  that  is  why  I  hold  that  the  cause  of 
nystagmus  is  the  absence  of  colour  in 


coal,  because,  for  that  reason  it  does  not 
reflect  back  the  light.  (It  only  reflects 
as  much  as  it  does  on  account  of  its 
crystalline  structure.  If  it  were  not 
crystalline  it  would  only  reflect  from 
2  to  3  per  cent,  of  light.) 

The  three  things  I  want  to  see  intro- 
duced into  coal  mines  are  :  (1)  colour  ;  (2) 
more  fresh  air  ;  and  (3)  a  proper  amount 
of  light  of  a  suitable  quality,  for  I  quite 
agree  that  a  fifth  or  a  tenth  of  a  candle- 
power  is  a  ridiculously  a  ma  11  amount  of 
light  to  work  with.  If  you  are  about 
to  establish  a  standard  of  quantity,  I 
wish  you  also  to  establish  a  standard 
of  quality.  My  ideal  is  the  carbon 
filament,  or  the  tallow  candle.  A  proper 
proportion  of  yellow,  and  not  too  much 
violet. 

I  desire  to  acknowledge  that  I  received 
the  idea  of  the  spot  of  light  moving 
in  a  dark  room  from  Dr.  Edridge-Green, 
and  the  method  of  making  an  analysis 
of  light  from  your  Hon.  Assistant 
Secretary,  Mr.  J.  S.  Dow. 


After  the  presentation  of  Dr.  Elworthy's 
communication  The  Chairman  called 
upon  Dr.  J.  S.  Haldane  to  continue  the 
discussion. 

Dr.  J.  S.  Haldane  said  that  Dr. 
Elworthy  had  referred  to  the  effect  of  the 
air  in  mines.  He  (Dr.  Haldane)  thought 
that  this  had  probably  little  to  do  with 
the  question  of  nystagmus.  On  the 
whole  the  air  in  mines  was  surprisingly 
pure  and  as  a  rule  the  miner  worked  in 
a  good  atmosphere.  Analysis  had  shown 
that  the  air  in  all  big,  well-ventilated 
mines  was  very  pure.  There  was  often 
some  firedamp  (methane)  present,  but 
this  gas  was  not  poisonous,  and  he  himself 
had  breathed  an  80  per  cent,  mixture  of 
.artificial  air  containing  methane  instead 
of  nitrogen.  The  mixture  was  substan- 
tially the  same  as  ordinary  air,  and  many 
animals  had  been  kept  in  it  for  a  long 
time. 

Nystagmus  interested  him  very  much 
in  relation  to  other  forms  of  so-called 
localised  neurasthenia,  of  which  they  had 
seen  many  examples  in  connection  with 


the  war.  He  had  had  to  deal  particu- 
larly with  neurasthenia  of  the  nerve 
centres  governing  breathing  and  the 
respiratory  centres.  A  condition  was  met 
in  which  breathing,  instead  of  being  of 
the  ordinary  deep  and  fairly  slow  type, 
became  rapid,  shallow  and  inefficient  after 
exercise.  Such  a  condition  might  be  due 
to  overwork  or  overstrain,  or  might  arise 
through  gassing  or  some  infectious  disease. 

Now  similar  disturbances  of  the  nerve 
centres  controlling  other  functions,  for 
example  the  pulse,  occurred  as  manifesta- 
tions of  local  neurasthenia.  Photophobia 
after  gassing  was  common.  There  was 
fatigue  of  some  sort  connected  with  the 
effort  made  by  the  miner  to  see  in  the 
darkness  and  this  led,  apparently,  to  a 
chronic  nervous  condition.  He  would 
like  to  ascertain  whether  nystagmus  could 
be  produced  experimentally,  as  the 
fatigue  of  the  respiratory  system  or  of  the 
heart  could  be  produced.  He  hoped  that 
the  Chairman  might  be  able  to  tell  them 
something  on  this  point. 

He  (Dr.  Haldane)  had  acted  as  an 
intermediary  in  bringing  Dr.  Llewellyn 
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in  touch  with  the  President  of  the 
Society.  Mr.  Trotter,  who  had  aided  him 
in  connection  with  photometric  matters. 
Just  after  the  last  explosion  in  Wales,  in 
winch  practically  all  the  officials  were 
killed,  Dr.  Llewellyn  had  come  down  and 
went  round  with  the  inspector  and  he  had 
been  much  impressed  by  his  knowledge 
of  colliery  matters,  and  particularly  of 
the  subject  of  nystagmus.  The  result 
was  that  he  became  the  first  Tyndall 
Mitring  Student.  Sir  Josiah  Court,  of 
Chesterfield,  had  also  done  a  great  deal 
of  work  on  the  relation  between  lighting 
and  nystagmus.  A  -"it  deal  of  detailed 
information  on  the  illumination  available 
was  needed  and  that  they  had  obtained, 
to  a  great  extent,  from  Dr.  Llewellyn. 

Mr.  Robert  Armitage,  M.P.,  said  it 
would  be  remembered  that  the  Govern- 
ment offered  a  prize  of  £1,000  in   1911 
for  the  best  electric  lamp.     It  was  given 
(anonymously    then,     but    it    was    now 
public  property)  by  Sir  Arthur  Markham. 
The  specification  was  drawn  up  from  the 
colliery   point   of  view   by   Mr.   Charles 
Rhodes,  and  from  the  electrical  point  of 
view  by  Mr.  C.  H.  Merz,  and  they  decided 
upon    the    prizes    given.     A    very    large 
number  of  lamps  came  in  from  all  parts 
of  the  world,  even  from  Japan,  and  the 
Ceag  lamp  got  a  prize  of  £600,  and  a 
good  many  others  prizes  of  £50  apiece. 
Orders  were  then  placed  for  about  10,000 
Ceag  lamps,  and  these  had  been  in  use 
since  1912,  and  they  were  beginning  now 
to  get  facts  which,  he  thought,  would  be 
good  enough  in  a  short  time  to  warrant 
the    Government    taking   a    much    more 
active  part  in  this  work.     The  adoption 
of  those  lamps  had  resulted  in  a  reduction 
in  nystagmus  and  in  accidents,  and  the 
men  were  able  to  get  away  from  the  pit 
bottom  much  sooner  than   with  the  oil 
lamp,  as  they  got  their  eyesight  (pucker. 
In  the  Eccleston  mine,  one  of  the  largest 
in    the    Yorkshire    district,    there    were 
2,667  men  employed  in  1912,  and  there 
were    459    accidents    and    12    cases    of 
nystagmus.     That   was  the   year  before 
the  Ceag  lamps  were  introduced.     In  1919 
there  were  2,058  men,  256  accidents  and 
seven  cases  of  nystagmus.     The  cases  of 
nystagmus  varied  considerably.      In  the 
Brodsworth,  another  collierv  in  the  same 
neighbourhood,  there  were  2,464  men  in 


1912,  439  accidents  and  11  cases  of 
nystagmus.  In  1919  there  were  2.911 
men,  419  accidents  and  five  cases  of 
nystagmus.  In  another  colliery  which 
was  sunk  about  the  time  the  Ceag  lamps 
came  in,  and  in  which  they  never  had 
oil  lamps,  they  had  from  four  to  six  cases 
of  nystagmus  a  year.  The  cost  of  run- 
ning the  Ceag  lamp  worked  out  at  l'29d. 
per  shift. 

Dr.  Frank  Shufflebotham  remarked 
that  it  seemed  to  him  that  it  was  only 
within  the  last  year  or  two — indeed,  one 
might  say  within  the  last  month  or  two — 
that  there  had  been  any  systematic  effort 
made  to  come  to  grips  with  this  disease 
and  check  the  incidence  of  it.  It  was  a 
most  hopeful  sign  that  the  Illuminating 
Engineering  Society  had  joined  forces 
with  the  Royal  Society  of  Medicine  and 
the  Council  of  British  Ophthalmologists 
in  endeavouring  to  combat  the  disea- 

He  thought  that  the  number  of  cases 
of  miners'  nystagmus  in  this  country  at 
the  present  time  was  probably  even 
greater  than  that  estimated  by  Dr. 
Llewellyn.  In  addition  to  the  reported 
and  certified  cases,  there  were  many 
others,  which,  possibly  because  they  did 
not  reach  the  most  acute  form,  were  not 
reported.  He  felt  sure  that  the  Illumina- 
ting Engineering  Society  and  the  other 
bodies  he  had  mentioned  were  anxious 
to  do  everything  possible  to  overcome 
the  disease,  and  he  would  therefoie  like 
to  emphasise  the  importance  of  regarding 
it  from  the  general  physiological  stand- 
point and  not  merely  as  a  disease  of  the 
eves.  Hitherto,  the  treatment  of  these 
cases  had  been  largely  in  the  hands  of 
eve  specialists,  whereas  the  affection  of 
the  eves  was  only  one  symptom  of  a 
general  nervous  disease.  Other  symp- 
toms which  were  equally  distressing  and 
which  caused  incapacity  to  work  had 
been  insufficiently  studied,  and  he  hoped 
that  this  would  be  borne  in  mind  in  any 
further  investigations  that  might  be 
made.  He  suggested  that  the  treatment 
of  miners'  nystagmus  should  be  under- 
taken on  the  medical  side  of  hospitals 
and  not  simply  in  the  eye  department. 
Of  course,  it  was  necessary  that  the  eyes 
should  receive  every  attention,  but  it  was- 
equallv  important  for  the  general  nervous 
symptoms  not  to  be  neglected. 
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Mr.  E.  Fudge  said  he  was  Secretary  of 
the  Government  Committee  which  had 
been  at  work  for  about  nine  months  with 
the  chief  object  of  improving  the  light- 
giving  power  of  the  miners'  lamp.  They 
found  there  was  no  broad  road  along 
which  rapid  advance  was  possible.  The 
lamp  makers  had  served  the  collieries 
well,  had  taken  a  great  interest  in  the 
subject,  and  had  done  a  lot  of  pure 
scientific  research  with  a  view  to  improv- 
ing the  safety  lanrp,  and  they  had  im- 
proved it.  But  there  were  definite 
limits  to  an  increase  in  light  giving 
power  of  the  safety  lamp  as  constructed 
at  present. 

Taking  the  electric  lamp  first,  the 
governing  limit  was  the  weight.  The 
candlepower  could  be  increased  by  in- 
creasing the  weight  of  the  lamp,  but  this 
was  already  about  as  much  as  the  weight 
of  a  miners'  lamp  could  properly  be. 
The  lighting  power  might  be  increased 
by  increasing  the  efficiency  of  the 
battery  or  by  eliminating  the  large 
amount  of  shadow.  A  great  proportion 
of  the  light  was  cut  off  by  the  pillars  and 
the  top  and  bottom  of  the  lamp.  Then 
there  were  minor  improvements  such  as 
the  rating  and  efficiency  of  the  bulbs, 
taking  into  account  their  life,  and  im- 
provements in  quality  of  glass  and  small 
details  of  that  sort,  but  until  a  genius 
came  along  with  a  new  accumulator  or 
a  new  method  of  construction,  improve- 
ment must  be  for  the  present  in  points 
of  detail. 

In  flame  lamps  also,  the  possibilities 
of  improving  the  light  on  the  present 
principles  of  construction  were  limited. 
There  were  now  lamps  that  would  give 
anything  up  to  2J  candlepower,  but  these 
were  necessarily  more  complicated  in 
design  and  more  liable  to  go  wrong  and 
to  go  out  than  the  old  Marsaut  lamp,  for 
instance,  and  there  was  also  the  rather 
serious  defect  of  overheating,  which  was 
exceedingly  difficult  to  get  over.  Some 
of  the  experimental  lamps  which  the 
Committee  had  now  in  hand  got  too 
hot  to  hold  after  burning  a  short  time, 
especially  in  sluggish  air.  There  was  no 
safe  acetylene  lamp  at  present,  but  there 
might  be  possibilities  in  that  direction  ; 
and  he  agreed  with  Dr.  Llewellyn  that 
there  were  great  possibilities  in  the 
electric  cap  lamp  because  in  principle  it 


makes  a  much  more  effective  use  than 
the  ordinary  lamp  of  the  necessarily  very 
limited  amount  of  light  available.  He 
thought  Dr.  Llewellyn  had  said  the  black 
coal  face  absorbed  anything  up  to  90 
per  cent,  of  light.  As  regards  this,  the 
question  for  the  practical  man  of  the  pit 
was  whether  the  white  washing  which 
was  done  to  some  extent  in  a  good  number 
of  pits,  could  be  carried  further.  Near  or 
at  the  coal  face  the  practical  difficulties 
he  knew,  were  great,  but  the  beneficial 
results  which  might  be  obtained  were 
very  great  too.  The  effective  illumina- 
tion would  be  increased  much  more  by 
even  a  limited  amount  of  whitewashing 
than  by  doubling  the  candlepower  of  the 
lamps  used.  As  the  Committee,  of  which 
he  was  Secretary,  evolved  experimental 
types  of  lamps  (and  in  this  he  included 
the  electric  cap  lamp)  they  proposed, 
provided  the  lamps  were  found  safe  under 
laboratory  tests,  to  test  their  suitability 
in  the  pits  ;  and  if  there  was  any  colliery 
agent  or  manager  who  would  co-operate 
with  the  Committee  in  that  work  or  in 
the  matter  of  extended  whitewashing, 
he  wTould  be  glad  to  get  into  touch  with 
him. 

Mr.  E.  A.  Hailwood  said  it  occurred 
to  him,  when  he  heard  of  the  statements 
of  the  alleged  benefits  to  be  obtained 
from  the  electric  lamp,  that  it  was 
singular  that  if  the  69,341  electric  lamps 
now  in  use  in  the  Yorkshire  Inspection 
Division  were  giving  such  good  results, 
how  it  came  about  that  the  Manager  of 
the  Yorkshire  Coal  Owners'  Mutual 
Indemnity  Society,  when  giving  evidence 
before  the  Compensation  Committee  in 
October,  1919,  said  the  number  of  cases 
of  nystagmus  had  advanced  from  30  in 
1907  to  51.5  in  1918.  It  led  one  to 
wonder  whether  the  electric  lamp  was 
the  remedy  that  it  was  claimed  to  be. 
At  December,  1918,  there  were  156,521 
electric  lamps  in  use  in  the  country  and 
90,200  of  the  combustion  type.  Dr. 
Llewellyn  gave  the  candlepower  of  the 
combustion  type  as  -99.  On  a  previous 
occasion  he  gave  T5  to  commence  with  and 
1-3  after  six  hours ;  that  and  more  could 
be  regularly  produced  in  the  combustion 
lamp,  but  it  must  be  borne  in  mind 
that  the  lamps  were  used  roughly  by 
the  miners,  and  one  could  not  always 
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give  the  maximum  to  them.  In  that 
particular  case  there  was  a  narrow  slot 
through  which  the  flame  passed  for 
bringing  the  air  on  to  the  flame,  but 
subsequently  the  slots  were  opened  out 
because  proper  attention  could  not  be 
got  from  the  lamproom,  and  the  miner 
appeared  not  to  realise  that  the  lamp 
was  worth  the  few  moments'  attention 
when  he  got  to  the  coal  face  so  as  to  get 
the  full  possible  benefit. 

Assuming  that  there  were  156,521 
electric  lamps  giving  apparently  1  candle- 
power  and  90,200  combustion  type,  mak- 
ing 246,721  lamps  supposed  to  be  giving 
1  c.p.,  that  left  499,985  lamps  of  other 
kinds  in  use  in  the  country.  With  such 
big  percentage  of  lamps  giving  the  high 
candlepower  one  would  think  the  total 
number  of  cases  would  go  down  consider- 
ably if  illumination  was  the  principal 
remedy.  According  to  Dr.  Llewellyn's 
figures  the  number  of  cases  now  was 
6,000,  but  everyone  knew  that  since  the 
war  the  cases  were  jumping  up  in  a  most 
peculiar  manner.  His  firm  had  about 
192,000  lamps  of  all  kinds  in  the  country 
— about  one-third  of  the  total — and 
about  90,200  of  them  were  combustion 
type.  His  firm  wrote  to  a  number  of 
their  customers  for  particulars  of  cases 
of  nystagmus.  There  were  136  pits  in 
one  group  replied  (using  partly  com- 
bustion type  and  partly  double-gauze  oil 
lamps),  the  full  benefit  of  the  combustion 
type  lamps  could  not  yet  be  ascertained 
because  they  had  had  to  send  some  here 
and  some  there  to  meet  the  demands. 
In  41  pits  there  were  no  cases  of  nystag- 
mus. Twenty-three  pits  reported  no 
increase  from  October,  1918,  to  January, 
1920.  Twenty-six  pits  reported  reduc- 
tions of  cases  in  the  same  period,  and 
forty-six  pits  reported  an  increase.  What 
astonished  him  was  the  great  variations 
in  the  number  of  cases  at  pits  within  a 
mile  or  two.  In  one  group  of  pits  be- 
longing to  one  company  there  were 
2,835  lamps,  having  ninety  cases  of 
nystagmus ;  in  another  group,  1,058 
lamps,  there  were  only  two  cases ;  another 
had  2,477  lamps  and  six  cases,  and 
another  1,100  oil  lamps  and  about  1,000 
electric  lamps,  and  had  26  cases.  If 
illumination  were  the  principal  factor, 
why  were  not  the  results  more  similar  ? 
and   how  did   it    happen    that   41    pits 


using  the  same  oil  lamps  should  be  free 
from  nystagmus  ? 

Illumination  might  be  important, 
but  he  felt  certain  there  were  other 
things  affecting  the  question.  Men  who 
had  worked  in  dusty  pits  thought  the 
irritation  of  the  eyes  and  nose  by  the 
dust  had  some  effect.  Men  came  out  of 
the  pits  soaking  with  perspiration  and 
went  out  into  the  cold  weather  or  sat  in 
trams  or  trains  and  did  not  muffle  them- 
selves up  or  put  warm  coats  on,  and  if 
the  nystagmus  were  a  nervous  disease  as 
the  doctors  said,  this  practice  might 
contribute  to  the  trouble. 

His  own  feeling  was  that  even  small 
traces  of  gas  in  the  atmosphere  had  some 
effect  on  the  nervous  system,  and  no 
doubt  on  the  eyes  as  he  had  noticed 
particularly  on  one  occasion  that  in  a 
very  gassy  part  of  the  pit  that  the  gas 
produced  a  sense  of  dizziness  and  affected 
his  eyesight,  and  it  should  be  borne  in 
mind  when  considering  the  comparisons 
made  by  Dr.  Llewellyn  that  metalliferous 
pits  are  free  from  gas,  and  if  it  should  be 
that  gas  had  some  effect  on  the  system 
there  is  no  wonder  that  the  cases  of 
nystagmus  are  nil  or  very  rare  in  such 
mines.  In  naked-light  coal  mines  it  is 
possible  for  a  small  amount  of  gas  to  be 
hanging  about,  and  as  there  are  some  cases 
of  nystagmus  in  these  mines  they  seem  to 
support  the  theory  of  gas  having  effect 
on  the  eyesight.  In  safety  lamp  mines 
naturally  one  expects  to  regularly  meet 
more  gas  and  hence  more  insistent 
effect  on  the  constitution,  and  it  seemed 
to  him  that  the  possibility  of  gas  is  one 
of  the  causes  for  the  variations  in  quantity 
of  cases  of  nystagmus  mentioned  above. 

It  is  a  common  sight  now  to  see 
children  wearing  spectacles  which  have 
been  ordered  by  the  school  doctor.  When 
these  children  subsequently  go  down  the 
mine  they  leave  off  their  spectacles  and 
thus  throw  a  strain  on  their  eyes,  which 
may  develop  into  nystagmus. 

In  Dr.  Llewellyn's  estimate  of  the 
expense  of  Nystagmus  to  the  country,  his 
largest  figure  was  for  the  alleged  "  loss 
of  output,"  but  to  the  writer's  mind  this 
was  an  incorrect  assumption,  as  Dr. 
Llewellyn  overlooked  the  fact  that  at 
the  present  moment  there  are  more 
miners  employed  than  at  any  previous 
time,  and  that  probably  in  most  cases 
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there  are  as  many  men  available  as  the  pit 
can  conveniently  engage  or  handle  ;  so 
that  if  the  whole  of  the  6,000  men  were 
available  it  is  doubtful  whether  there 
would  be  any  increased  output  or,  if  any, 
it  would  be  only  a  small  amount  as  the 
existing  men  working  alongside  skilled 
men  are  no  doubt  quite  competent  to  turn 
out  (within  a  fraction)  the  amount  of  coal 
which  would  have  been  turned  out  by 
the  6,000  other  men.  In  view,  therefore, 
of  the  doubt  as  to  whether  electric  lamps 
would  produce  the  benefit  anticipated 
by  Dr.  Llewellyn,  it  would  seem  advisable 
to  go  far  more  closely  into  the  question 
before  involving  the  country  in  an  outlay 
of  probably  two  to  three  million  pounds 
which  would  be  the  cost  of  installing 
■electric  lamps  and  their  charging  and 
manipulating  equipment  at  the  various 
collieries  of  this  country,  and  especially 
at  a  time  when  it  is  so  necessary  to 
economise  in  every  possible  direction  so 
as  to  get  the  nation  back  on  to  "  its  feet." 
The  Cap  Lamp,  exhibited  and  approved 
by  Dr.  Llewellyn,  might  have  been 
passed  by  the  American  Government  and 
might  be  in  use  in  America,  but  it  did  not 
by  any  means  follow  that  it  was  a  suitable 
thing  for  mines  in  this  country.  It  was 
obvious  that  if  the  current  was  conveyed 
from  a  battery  strapped  to  a  man's  waist 
to  a  lamp  fixed  on  his  cap  the  conductors, 
being  flexible,  as  they  must  be,  were 
liable  to  be  tampered  with  and  there  was 
a  possibility  of  an  exposed  light  being 
obtained  in  the  mine.  It  was  well  known 
that  the  cables  could  be  tampered  with 
and  a  cigarette  be  lit  from  the  light  so 
obtained,  furthermore,  apart  altogether 
from  the  difficulties  which  would  be 
■experienced  in  persuading  the  British 
workman  to  have  a  special  hat  with  a 
special  flap  to  carry  the  hat-lamp,  and  to 
carry  a  somewhat  heavy  battery  about 
with  him  the  ivhole  of  the  day,  strapped 
to  his  waist,  he  thought  that  if  Dr. 
Llewellyn  considered  how  easy  it  is  to 
create  an  explosion  by  cracking  an 
electric  bulb  in  a  gas  mixture  he  would 
scarcely  advocate  the  placing  of  an 
electric  bulb  on  the  most  dangerous  part 
of  the  human  body,  viz.,  the  head,  where 
it  was  so  liable  to  get  smashed  from  com- 
ing into  contact  with  various  things, 
and  particularly  at  the  coal  face,  where 
the  gas  is  usually  found.     The  electrical 


resistance  of  the  long  cable  reduced  the 
candle  power  and  taxed  the  battery 
power. 

He  noticed  that  in  one  of  the  pictures 
thrown  on  the  screen  an  oil  lamp  was 
presented  as  coming  out  at  the  end  of  a 
shift,  and  all  smeared  with  mud.  This 
was  not  quite  fair  to  the  oil  lamp,  as  the 
condition  would  only  occur  in  a  wet  pit, 
and  then  only  to  a  proportion  of  the 
lamps. 

If  bad  illumination  had  increased  the 
number  of  cases  of  Nystagmus,  probably 
one  of  the  most  important  recent  causes 
was  the  enforcing  of  flame  lamps  being 
fitted  with  double-gauzes  just  about  the 
commencement  of  the  war,  as  obviously 
lamps  with  double-gauzes  could  not  burn 
so  freely  as  with  single-gauzes.  He  con- 
tended that  the  single-gauze  lamp  had 
an  enormous  margin  of  safety  and  that 
the  long  experience  gained  had  proved 
that  a  very  large  number  of  collieries  in 
this  country  could  very  well  have  been 
left  alone  without  being  penalised  with 
the  double-gauze  and  its  resultant 
reduced  illumination. 

In  view  of  the  efforts  put  forward 
under  most  difficult  conditions  to  produce 
miners'  flame  lamps  (his  own  firm  having 
for  example  spent  large  sums  of  money 
in  this  way)  he  naturally  disagreed  with 
the  statement  made  by  Mr.  Jackson 
before  the  Lancashire  Branch  of  the 
National  Association  of  Colliery  Managers, 
wherein  he  implied  that  there  had  been  no 
improvements  in  flame  lamps  for  the  last 
thirty  years.  He  felt  sure  that  Dr. 
Llewellvn  would  agree  that  this  was  not  a 
correct  view  to  take. 

The  same  applied  to  the  remarks  by 
Mr.  Caleb  Johnson,  of  Mossfield  Colliery, 
as  it  should  be  clearly  understood  that  his 
comparison  is  between  an  electric  lamp 
and  an  old  type  of  oil  lamp  which  was  not 
by  any  means  the  latest  type  of  oil  lamp. 
Furthermore,  at  the  present  moment 
flame  lampmakers  were  suffering  in  regard 
to  the  illumination  given  by  the  flame 
lamps  owing  to  the  glass  difficulty,  as, 
to  meet  the  shortage  of  glasses,  it  had 
been  necessary  for  some  while  to  use 
glass  which  was  tinted  and  which  cut  off 
a  good  deal  of  the  illumination  ;  but  of 
course  as  materials  and  facilities  increased 
this  would  be  put  right  and  the  clear 
glass  be  again  got  into  use  when  the  full 
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candlepower    of    the    lamps    would    be 
available. 

They  were  all  anxious  to  help  to  solve 
the  problem  of  Nystagmus,  but  he  did  not 
think  matters  were  helped  by  depreciating 
the  flame  lamp  and  ignoring  the  stringent 
conditions  under  which  flame  lamp- 
makers  had  to  work,  or  the  useful  purpose 
they  could  serve  if  the  conditions  were 
made  more  reasonable. 

(Added : — The  useful  purpose  they 
already  did  serve  has  been  illustrated  by 
an  incident  that  occurred  since  the 
meeting  was  held,  at  the  Ponthenry  Mine 
in  the  Gwendraeth  Valley,  South  Wales, 
on  Friday,  27th  February.  A  large 
blower  of  gas  burst  into  the  workings 
and  extinguished  the  whole  of  the  flame 
lamps  (which  were  of  the  Hailwood  type) 
and  thus  forced  the  men  to  at  once  get 
out  of  the  workings,  which  all  did  with 
the  exception  of  one  man.  Had  the  men 
had  electric  lamps,  or  a  substantial  pro- 
portion of  electric  lamps,  it  is  conceivable 
that  they  would  have  attempted  to  have 
gone  on  working  when  perhaps  another 
few  minutes  would  have  killed  the  lot,  so 
that  it  is  obvious  that  in  looking  for  a 
remedy  for  Nystagmus  care  must  be  taken 
not  to  run  into  greater  dangers). 

Mr.  John  George  said  he  spoke  as  a 
lamp  maker's  representative.  He  had 
been  brought  up  from  a  boy  in  the  pits 
to  the  position  of  colliery  manager. 
They  had  now  the  electric  lamp,  but  he 
made  bold  to  say  that  the  oil  safety 
lamp  had  never  moved  one  inch  from 
the  principles  given  them  by  Humphry 
Davy.  He  agreed  with  the  point  that 
had  been  raised  that  the  electric  safety 
lamp  hurt  the  eyes,  for  the  first  day  or  so. 
Dr.  Llewellyn  spoke  about  the  men  rarelv 
seeing  the  sun.  When  he  first  went  down 
the  pit  he  was  down  from  6  a.m.  to  6  p.m. 
That  bore  out  Dr.  Llewellyn's  statement. 
He  worked  in  an  open  lamp  pit  and  his 
eyes  became  sore  when  he  came  out 
if  the  sun  was  shining,  but  it  was  not  the 
sun,  but  the  long  confinement  in  the  dark 
pit  that  caused  the  soreness,  and  if  men 
suffered  at  first  with  the  electric  lamps 
it  was  due  to  the  indifferent  light  in  which 
they  had  previously  worked.  In  two 
districts  in  Lanarkshire,  an  open  lamp 
district    and     a    safety     lamp     district, 


the  men's  faces  in  each  of  these  respective 
districts  were  different  altogether.  The 
blinking  of  the  eyes  which  indicated  the 
first  stages  of  nystagmus  was  quite 
common  in  the  safety  lamp  district. 
Increased  combustion  in  lamps  meant 
that  oxygen  was  being  used  up  and 
giving  off  a  double  supply  of  carbon 
dioxide  and  the  result  of  that  with  a 
thousand  oil  lamps  could  be  imagined. 
The  miners  themselves  were  a  lot  to 
blame  with  regard  to  nystagmus.  They 
hung  up  the  safety  lamp  and  were  afraid 
to  touch  it  in  case  it  gave  out,  and  the 
whole  place  was  left  in  the  dark.  Where 
Ceag  lamps  had  been  installed  accidents 
had  been  reduced  and  he  knew  of  an 
instance  where  men  who  could  have 
the  best  oil  lamps  free  of  charge  preferred 
to  pay  ninepence  a  week  for  an  electric 
lamp. 

Dr.  D.  L.  Davis,  Cardiff,  said  that 
improvement  in  the  lighting  conditions 
in  mines  must  be  regarded  as*  an  urgent 
necessity,  apart  altogether  from  the 
question  of  nystagmus.  From  the  avail- 
able statistics  it  seems  probable, 
indeed  almost  certain,  that  the  number 
of  men  hindered  from  working  through 
nystagmus  will  be  materially  diminished 
as  a  result  of  the  improvement  in  lighting. 

But,  nevertheless,  he  could  not  accept 
the  theory  that  miner's  nystagmus  was 
the  direct  result  of  defective  lighting. 
It  had  never  yet  been  shown  that  defec- 
tive lighting  had  produced  nystagmus 
in  any  other  occupation,  such  as  for 
instance,  workers  in  the  manufacture 
of  ultra  sensitive  photographic  plates. 
Many  theories  had  been  propounded  to 
explain  the  occurrence  of  the  oscillation 
of  the  eyes  in  cases  of  nystagmus,  some 
plausible,  but  all  unproven. 

The  nature  of  nystagmus  might  be 
briefly  summarised  as  follows :  The 
subject  complained  that  when  he  came 
up  from  the  pit  (particularly  if  it  happened 
to  be  night),  the  lights  all  danced  in 
front  of  him  and  caused  so  much  dazzling 
that  he  was  unable  to  see  properly. 
In  slight  cases  this  got  better  after  he 
had  been  up  some  time,  and  the  dancing 
of  lights  and  dazzling  was  usually  less 
troublesome  by  day  unless  it  happened 
to  be  a  very  bright  day.  In  marked 
and    severe   cases   the   dazzling   was   so 
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great  as  to  be  almost  blinding,  and  was 
associated  with  great  nervous  prostration, 
the  man  appearing  to  the  most  casual 
observer  as  a  miserable,  nervous  wreck. 
On  examination  the  following  conditions 
were  found  : — 

(a)  Nystagmus;  or  rapid  rotatory 
movements  of  the  eyes  especially  when 
they  are  directed  upwards,  (b)  Blepharo- 
spasm or  rapid  and  forcible  blinking 
of  the  eyelids,  (c)  Tremor  of  the  head 
which  can  easily  be  felt  or  brought  out 
by  laying  one's  hand  on  the  bent  head 
and  asking  the  man  to  try  and  extend 
the  head  while  the  movement  is  forcibly 
resisted  by  the  examiner.  (d)  Photo- 
phobia (intolerance  of  light),  (e)  Night 
blindness. 

These  were  the  classical  signs  of  the 
disease,  but  the  following  were  also 
present  in  the  great  majority  of  cases  : — 

(f)  Fine  tremor  of  the  hands  when 
they  are  extended  with  outstretched 
fingers — a  tremor  very  like  that  seen  in 
exophthalmic  goitre  or  graves  disease. 
(g)  Increased  reflexes  such  as  the  knee 
jerk.  (h)  Contracted  visual  fields. 
(i)  Altered  mental  conditions — for  ex- 
ample, these  people  often  become 
irritable  or  morose. 

These  symptoms  and  signs  were  in 
effect  all  attributable  to  a  disturbance 
of  the  nervous  mechanism  of  the  body. 
What  could  produce  such  wide  spread 
changes  ?  He  could  not  accept  deficient 
lighting  as  being  the  prime  factor  in  the 
production  of  the  disease.  It  was  with- 
out doubt,  he  believed,  due  to  some  form 
of  chronic  poisoning,  and  this  poison  was 
probably  to  be  found  in  the  gaseous 
exhalations  from  the  coal ;  it  might  be 
the  heavy  hydrocarbons  or  other  ex- 
halations of  which  we  at  present  had 
no  knowledge. 

What  were  the  proofs  which  could  be 
adduced  in  favour  of  this  statement  ? 

(1)  Those  mines  which  were  least 
"  gassy  "  and  in  which  the  naked  light 
could  be  used  were  precisely  those  in 
which  nystagmus  was  rare.  He  believed 
this  was  due,  not  to  the  better  lighting 
conditions,  but  to  the  diminished  amount 
of  gaseous  exhalations  ;  in  other  words 
the  same  conditions  which  led  to  the 
impunity    with    which    the    naked    light 


could    be   used   explains   the   absence   of 
nystagmus. 

(2)  Those  who  were  working  at  the 
face  of  the  coal,  where  ventilation  was 
least  perfect,  were  much  more  frequentlv 
attacked  than  those  working  in  other 
parts  such  as  hauliers,  etc. 

(3)  It  had  been  shown  by  some 
observers  that  nystagmus  was  more 
prevalent  in  some  workings  and  at 
certain  seasons  than  others.  Might  not 
this  due  to  differences  in  the  rate  of  the 
diffusion  of  the  noxious  gas  caused, 
perhaps,  by  atmospheric  pressure 
changes  ? 

(1)  Nystagmus  was  rare  in  those  who 
had  worked  only  a  short  time  under- 
ground, but  when  it  did  occur  in  such 
circumstances  the  nervous  symptom- 
were  very  prominent  as  though  in  such 
cases  the  man  was  particularly  vul- 
nerable to  the  poison.  Usually  the 
disease  only  manifested  itself  in  those 
who  had  been  working  for  years  ;  in  other- 
words,  it  was  a  form  of  chronic  poisoning 
with  occasional  instances  ot  a  more 
acute  type. 

(5)  Lastly,  the  visual  fields  were  con- 
tracted. 

Mr.  Cridland  had  shown  that  in  a  high 
percentage  of  cases  the  visual  fields 
showed  a  definite  concentric  contraction, 
sometimes  amounting  to  50  or  60  per 
cent.,  and  that  the  fields  to  blue  and 
red  were  more  contracted  in  proportion 
to  the  white.  He  (Dr.  Davis)  had  for 
some  time  past,  and  for  another  purpose, 
been  carrying  on  an  investigation  into 
the  visual  fields  in  cases  of  chronic 
poisoning  caused  by  the  formation  of 
pus  or  matter  in  various  parts  of  the 
body  ;  such  for  instance  as  might  occur- 
in  an  abscess  of  the  bone.  He  was  struck 
by  the  fact  that  in  such  cases  of  chronic 
auto-intoxication  (as  it  was  called), 
marked  concentric  contraction  of  the 
visual  fields  was  present  and  that  the 
field  to  colours  was  proportionately  more 
contracted  than  that  for  white  ;  in  other 
words,  the  fields  in  miners'  nystagmus 
were  similar  to  those  occurring  in  other 
forms  of  poisoning. 

On  the  theory  that  miners'  nystagmus 
is  a  neurosis  produced  by  a  chronic 
poisoning,  which  was  brought  forward 
bv  Mr.   Harrison  Butler  at   the  Oxford 
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Ophtbalmological  Congress  in  1916 — 
how  could  we  explain  the  fact  that  the 
number  of  cases  of  nystagmus  reported 
diminished  in  the  better-lighted  mines  '.' 
He  thought  it  could  be  explained  in  the 
following  way.  It  was  known  that  the 
movements  of  the  eyes  cause  less  incon- 
venience to  the  miner  under  moderate 
good  diffuse  daylight.  As  the  intensity  of 
the  light  was  reduced  or  increased  so  his 
.symptoms  increased.  They  were  always 
worse  at  twilight  and  at  night.  In  the 
daylight  the  nystagmus  had  not  dis- 
appeared, only  the  resulting  symptoms 
are  less  disturbing.  This  was  probably 
due  to  the  fact  that  the  man  was  better 
able  to  focus  with  the  macular  region  by 
daylight,  whereas  in  dim  light  the  visual 
purple  was  ill-formed  and  the  macular 
region  did  not  get  supplied  with  a  proper 
amount  to  actuate  the  percipient 
elements ;  consequently  owing  to  the 
inability  to  fix  centrally  the  movements 
become  more  rapid  and  produce  more 
severe  symptoms. 

So  too  then,  when  underground,  if 
the  nystagmic  miner  is  supplied  with 
a  better  light,  provided  no  glare  is 
present,  he  would  be  able  to  carry  on  his 
work  in  spite  of  his  nystagmus.  Improved 
lighting,  as  he  had  already  said,  would 
probably  diminish  the  number  of  men 
who  are  absent  from  work  on  account  of 
nystagmus,  but  it  had  yet  to  be  proved 
that  nystagmus  was  actually  cured  by 
increasing  the  illumination  of  the  surface 
on  which  the  miner  was  working.  He 
regarded  miners'  nystagmus  as  due  to  a 
chronic  poisoning  of  the  central  nervous 
system,  but  the  actual  movements  of  the 
eye  as  being  increased  by  defective 
illumination.  Improvement  in  the  light- 
ing would  add  to  the  comfort  and  greater 
efficiency  of  the  miner,  and  so  lead  to 
increased  production. 

Finally,  he  would  ask  the  question  : 
"  Is  miners'  nystagmus  on  the  increase  ?  " 
He  was  told  by  some  colliery  officials  that 
it  was.  If  so  might  it  not  be  correlated 
with  the  ever  increasing  distance  at  which 
the  men  have  to  work  from  the  pit  head 
and  consequently  increased  difficulties 
in  ventilation  ?  He  would,  in  conclusion, 
suggest  that  there  was  a  wide  field  for 
chemical  research  into  the  characters  of 
the  air  at  the  face  of  the  coal  where  the 
men  have  to  work. 


Mr.  T.  Harrison  Butler  (Leeds)  said 
it  was  unreasonable  to  expect  better 
lighting  to  effect  any  immediate  reduc- 
tion in  the  number  of  cases  of  nystagmus. 
The  disease  might  take  from  10  to  25 
years  to  develop.  It  would  be  10  years 
before  the  curve  of  nystagmus  would 
show  a  material  fall.  It  was  conceivable 
that  a  brilliant  light  would  at  first  rather 
increase  the  cases  of  nystagmus.  It 
would  produce  photophobia  in  the  case 
of  a  man  used  to  working  with  one-tenth 
candlepower,  and  that  factor  would  make 
it  appear  that  the  increased  illumination 
had  no  good  effect  at  first.  Mr.  Shuffle- 
botham  said  it  was  only  this  year  that 
nystagmus  had  obtained  official  recogni- 
tion. He  differed  from  him  in  regard  to 
that.  He  introduced  a  discussion  on 
the  subject  at  the  Oxford  Congress  of 
Ophthalmology  in  1912,  and  it  was 
largely  owing  to  the  discussion  at  that 
meeting  that  the  Government  scheduled 
lid-twitching,  apart  from  general  nystag- 
mus, as  a  condition  for  which  the  miner 
could  claim  compensation. 

Dr.  C.  F.  Harford  said  that  his 
interest  in  "  Miners'  Nystagmus  "  had 
been  derived  from  contact  with  cases  of 
the  disease  who  came  under  his  care 
when,  as  a  medical  officer  in  the  R.A.M.C., 
he  was  responsible  for  ophthalmic  work 
in  connection  with  the  21st  Division 
at  the  Central  Military  Hospital,  Ayles- 
bury. He  recorded  his  observations  on 
these  cases  in  a  paper  which  appeared  in 
the  British  Medical  Journal,  of  March 
4th,  1916,  under  the  title  "  Visual  Neu- 
rosis of  Miners  in  their  relation  to 
Military  Service."'  The  most  serious 
of  these  cases  was  a  gunner  who  had 
apparently  passed  the  visual  tests  for 
the  Army  but  who,  when  admitted  to 
hospital  was  almost  blind  and  a  hopeless 
invalid,  shewing  all  the  characteristic 
signs  of  the  disease  which  had  been 
clearly  set  forth  in  Dr.  Lister  Llewellyn's 
well-known  monograph,  except  that  he 
never  succeeded  in  discovering  any  nystag- 
mus. These  cases  convinced  him  that  the 
disease  was  a  complicated  affection  of  the 
nervous  system,  which  demanded  the 
attention  of  the  neurologist  quite  as  much 
as  the  ophthalmologist,  and  that  it  was 
one  of  far-reaching  importance,  scientifi- 
cally as  well  as  practically. 
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Dr.  Christie  Reid,  of  Nottingham,  wrote : 
"  I  was  much  struck  when  in  the  mining 
district  of  N.E.  France,  round  Bruay 
(P.  de  Calais)  with  the  complete  ignorance 
of  the  disease,  though  from  conversation 
with  the  miners  I  ascertained  that  their 
methods  of  getting  coal  were  much  the 
same  as  ours.  I  wrote,  on  my  return 
here,  to  the  manager  of  the  Bruay 
Mines  and  asked  him  if  any  did  suffer. 
He  said  they  used  to  be  familiar  with  the 
disease,  but  that  since  the  introduction 
of  the  electric  lamps  (hand)  the  disease 
had  been  eliminated  and  was  practically 
unknown."' 

Now  if  N.E.  France  could  supply  these 
lamps  why  could  not  our  colliery  authori- 
ties do  likewise  ?  Those  who  have 
studied  the  question  were,  he  thought, 
now  all  agreed  that  the  poor  light  leading 
to  feeble  yellow-spot  fixation  was  the 
prime  exciting  cause  of  ocular  instability. 

If  it  was  a  question  of  £  s.  d.,  lie  thought 
it  could  easily  be  proved  that  the  extra 
cost  of  the  lamps  would  be  more  than 
counterbalanced  by  the  enormous  saving 
from  the  elimination  of  the  disease. 
Now  what  was  being  done  ?  A  few  pits 
in  various  parts  had  adopted  the  electric 
lamp  (hand),  but  the  most  he  had  been 
able  to  do  here  (Notts  and  Derby  coal- 
field) had  been  to  secure  that  a  few 
individuals  suffering  from  severe  nystag- 
mus be  allowed  such  lamps.  This,  as 
Dr.  Reid  said,  was  "  tinkering  "  with  the 
subject.  Whatever  subsidiary  causes 
there  might  be,  and  there  were  many, 
which  combined  to  bring  on  the  disease, 
such  as  accidents  to  the  head,  errors  of 
refraction,  etc.,  there  could  be  no  reason- 
able doubt  that  defective  illumination 
was  the  primary  difficulty. 

Inconsistency  in  statistics  might  be 
due  to  the  following  conditions  : — 

1.  That  the  diagnosis  was  often 
difficult. 

2.  That  with  better  knowledge  more 
cases  were  recognised  than  in  past  years. 

3.  That  many  incipient  cases  which  had 
arisen  from  bad  illumination  in  the  past 
might  persist  even  under  more  favourable 
conditions  or  might  develop  due  to  cir- 
cumstances which  lowered  the  general 
health. 

We  had  arrived  then  at  the  conclusion 
that  the  disease  was  preventible,  and  we 


must  go  a  step  further  and  determine 
that  it  must  be  prevented.  The  time 
would  surely  come  when  it  would  be 
regarded  in  the  same  light  as  such  an 
industrial  ailment  as  phossy-jaw  and 
might  be  practically  stamped  out.  To 
this  end  we  must  set  ourselves  as  repre- 
senting different  points  of  view,  and  if  so 
would  surely  be  successful. 

Mr.  V.  V.  Pass  (London  Manager  of 
Messrs.  Oldham  and  Son)  referred  to 
the  difficulties,  to  which  Mr.  Fudge 
had  alluded,  in  obtaining  a  four  candle- 
power  lamp.  Naturally  the  weight  was 
the  main  difficulty,  but  the  possibilities 
of  improvement  would  be  considerably 
greater  if  a  satisfactory  low  voltage  gas- 
filled  ("  half -watt ")  bulb  for  use  in 
miners'   lamps  could  be  developed. 

Added  : — I  gladly  avail  myself  of  the 
opportunity  to  give  some  further  par- 
ticulars of  the  "  Oldham  "  electric  safety 
lamp  exhibited  at  the  meeting  : — 

(1)  Electric  Lamp  Maintenance.  From 
figures  submitted  by  colleries  themselves, 
instances  of  *'  Oldham "  electric  lamp 
renewal  costs  may  be  cited  as  follows  : — 

Costs  of  installing  original  new  lamps 
and  equipment  and  renewals  required  for 
same,  of  South  Yorks  Plant  over  a  period 
of  about  four  years  (January,  1916- 
October,  1919),  including  also  costs  of  all 
new  lamps  and  equipment  additions 
from  time  to  time,  but  excluding  labour 
and  current,  -8d.  per  lamp  per  shift.  To 
this  report  the  management  attach  the 
following  important  data  : — 

Average    length     of    life     of 

positive  plates        . .  . .     90  weeks 

Average    length     of    life     of 

negative  plates       . .  . .   130       ,, 

Number  of  negative  plates  not 
yet  changed,  which  have 
been  working  2  yrs.  7  nit  lis.         250 

Number  of  outer  shells  re- 
placed by  chemical  action  0 

Number  of  outer  shells  re- 
placed by  mechanical  action  9 

Number  of  new  bottoms  re- 
placed by  chemical  action  0 

Number  of  new  bottoms  re- 
placed by  mechanical  action        50 

Number  of  outer  glasses 
broken         960 

Celluloid  box  replacements  . .         12 
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South  Wales  District. — Inclusive  re- 
newal costs  over  a  period  of  2  years 
9  months  equal  T6d.  per  lamp  per  week, 
excluding  labour  and  current  (April, 
1916-December,  1918). 

Staffordshire  District. — -Renewal  costs 
of  our  plant  over  a  period  of  12  months, 
January-December,  1919,  equals  L9d. 
per  lamp  per  shift,  including  labour. 

The  above  facts  it  is  believed  will 
clearly  demonstrate  that  in  the  design 
of  the  "  Oldham "  lamp  the  hitherto 
difficult  problem  of  acid  trouble  as  under- 
stood in  the  sense  of  repairs  has  been 
entirely  eliminated  without  relinquishing 
the  advantages  of  the  free  acid  type  of 
accumulator.  Tn  the  case  of  miniature 
pattern  "  Oldham  "  electric  lamps  for 
■special  purposes  (where  the  design  does 
not  permit  of  embodying  our  standard 
construction  of  miner's  cell),  and  where 
plate  maintenance  is  not  of  paramount 
importance,  the  system  of  solidified  acid 
or  packed  cells  is  made  use  of. 

(2)  Lamp  Roam  Handling,  The  lamp 
room  equipment  includes  machinery  for 
rapidly  enabling  every  process  of  dis- 
sembling, assembling  and  cleaning  of 
lamps  and  cells  to  be  rapidly  effected  by 
a  minimum  of  unskilled  labour,  this  also 
applies  to  charging  and  treatment  of 
accumulators.  Accordingly,  in  a  well- 
equipped  and  properly  organised  electric 
lamproom,  labour  costs  come  out  lower 
than  for  a  similar  number  of  oil  safety 
lamps. 

(3)  Advantages  of  electric  over  oil  safety 
lamps.  Having  in  mind  the  exhaustive 
facts  contained  in  Dr.  Llewellyn's  paper 
and  the  recognised  statistics  of  mine 
accidents  where  oil  as  against  electrics 
are  used,  we  consider  the  extent  to  which 
electric  lamps  have  already  been  adopted 
offers  sufficient  proof  of  the  claims  made 
in  respect  to  increased  output,  reduction 
of  minor  accidents,,  and  in  underground 
relighting  costs  particularly  on  the  roads. 
Further,  and  whereas  in  former  cases  of 
colliery  explosions  the  men  have  been 
thrown  in  total  darkness,  the  important 
advantage  with  an  electric  lamp  equipped 
pit  would  be  under  such  circumstances 
that  whatever  ordinary  chance  the  men 
had  of  escaping  it  is  reasonable  to  pre- 
sume this  would  be  considerably  enhanced 
by  their  ability  to  travel  at  a  greater 
speed.     In  addition  and  in  the  event  of 


say  10  men  being  entombed,  the  special 
design  of  the  lamp  would  enable  illumina- 
tion being  provided  for  at  least  60-70 
hours  (by  using  one  lamp  at  a  time) 
even  supposing  the  occurrence  took  place 
just  at  the  conclusion  of  the  seven  hours' 
shift ;  the  illumination  referred  to  also 
representing  no  loss  of  available  air 
supply. 

In  respect  to  the  safety  of  the  electric 
lamp  as  against  oil  ;  as  manufacturers  of 
both,  and  with  full  knowledge  and 
respect  for  what  the  modern  oil  lamp  will 
stand,  we  nevertheless  frankly  do  not 
consider  the  respective  safety  features 
of  the  two  types  will  bear  comparison, 
even  without  taking  into  consideration 
the  miners',  now  recognised,  preference 
for  the  electric,  which  preference  is  in 
many  cases  made  use  of  at  electric  lamp 
pits  (to  ensure  proper  handling)  by  the 
alternative  of  the  miner  being  com- 
pelled to  take  an  oil  lamp.  Regarding 
inability  to  test  for  gas  with  the  electric 
lam}),  from  our  experience  we  are  of 
opinion  the  average  miner  relies  entirely 
on  the  officials  covering  this  duty,  in 
accord  with  which  collieries  using  electric 
lamps  we  believe  find  a  10  per  cent 
allowance  of  oil  lamps  satisfactorily 
meets  requirements  in  this  respect. 

At  the  same  time,  we  consider  it  of 
interest  to  remark  that  in  connection 
with  the  building  of  "  Oldham "  gas 
chambers  (which  enable  any  percentage 
from  zero  to  an  explosive  mixture  being 
obtained  in  a  few  seconds),  for  training 
colliery  firemen,  tests  have  been  carried 
out  with  various  latest  types  of  single  and 
double  glass  oil  safety  lamps  which  have 
clearly  demonstrated  that  unless  the 
miner  takes  the  precaution  of  testing  for 
gas  in  the  correct  manner  or  fails  to 
denote  "  tailing  up "  and  other  signs 
indicating  the  presence  of  a  gaseous 
mixture,  it  is  quite  possible  for  the  oil 
lamp  to  be  burning  in  a  mixture  of  four 
to  five  per  cent,  of  gas  without  th^ 
man  being  aware  of  it  from  casual 
observation,  particularly  in  the  event 
of  smoking  or  dusting  up  of  the  glass 
having  taken  place.  Considering  this 
point,  we  venture  the  opinion  that  the 
question  of  gas  testing  is  in  any  case 
entirely  a  matter  for  special  arrangement 
and  trained  officials,  in  substantiation 
of   which  we  may  record    that   on  the 
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occasion  of  his  paper,  "  Methods  of 
Detecting  Firedamp  in  Mines,"  before 
the  Royal  Society  of  Arts  in  1910,  the 
Chairman  of  the  Mines  Commission  (Sir 
Henry  Cunynhame,  K.C.B.),  after  con- 
cluding his  demonstration  tests  with  the 
'v  Oldham "  chamber,  specially  com- 
mended same  to  the  notice  of  colliery 
owners. 

In  submitting  the  foregoing  remarks 
as  being  offered  without  prejudice  on  our 
part,  we  may  reiterate  being  ourselves 
patentees  of  a  new  design  two  candle- 
power  oil  safety  lamp  intended  for  officials 
use.  Whilst  stating  the  present  type 
"  Oldham  "  electric  safety  lamp  embodies 
the  results  of  over  12  years'  experience 
and  practical  colliery  tests,  and  having 
in  mind  reference  which  is  still  being  made 
to  the  results  awarded  in  the  open  lamp 
competition  held  eight  years  ago,  we  feel 
entitled  as  a  matter  of  interest  and  in 
justice  to  British  industry  to  point  out 
that  the  "  Oldham  :'  H  type  lamp  was 
not  entered  in  the  competition  as  the 
basis  design  of  this  lamp  was  not  standard- 
ised until  some  time  afterwards  owing 
to  the  constructional  features  representing 
an  entirely  new  departure  in  electric 
lamp  construction,  and  accordingly  neces- 
sitating extended  practical  tests  before 
final  adoption  could  be  considered. 
Comparative  tests  extending  over  periods 
of  12-18  months,  two  concerns  alone  in 
the  South  Wales  district,  have  between 
them  27,100  lamps  in  use,  further  to 
which  we  believe  we  are  strictly  correct 
in  stating  that  of  the  total  number  of 
electric  lamps  in  use  in  this  country 
practically  50  per  cent,  of  same  are  now 
*'  Oldham  "  type. 

Mr.  G.  H.  Poole v  (Ophthalmic  Surgeon 
to  the  Royal  Infirmary,  Sheffield)  said 
that  he  had  listened  with  great  interest 
to  the  able  papers  contributed  by  Drs. 
Llewellyn  and  Elworthy.  Miner's  nys- 
tagmus was  a  curse  to  the  collier  and  to 
the  colliery  companies  and  the  insurance 
companies,  who  underwrite  the  em- 
ployers' risks  under  the  Workmen's  Com- 
pensation Act.  It  was  extremely  pre- 
valent, thousands  of  colliers  being  absent 
from  their  work  because  of  it.    . 

As    to    its    causation,    the    two    main 

theories  advanced  were  those  of  the  late 

Simeon   Snell   and   Sir   Josiah   Court   of 

Staveley,  the  former  in  1875  attributing 
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the  condition  to  fatigue  of  the  ocular 
muscles,  analogous  to  writer's  cramp. 
Sir  Josiah  Court  in  1891  attributed  it  to 
faulty  illumination. 

Dr.  Llewellyn's  book  (1912)  gave  far 
more  information  than  had  been  previ- 
ously available,  and  in  the  main  the  con- 
tentions he  put  forward  had  proved  to  be 
perfectly  correct,  in  the  light  of  subse- 
quent experience.  The  Great  War  had 
prevented  much  further  research  from 
being  undertaken,  but  out  of  evil  cometh 
good  information,  and  the  result  of  the 
military  training  of  colliers  had  shown  : — 

(1)  That  a  miner  with  nystagmus, 
often  with  an  amount  that  did  not  in- 
capacitate him  from  doing  regular  work 
at  the  coal  face,  could  not  see  to  shoot 
with  accuracy  or  to  march  at  night. 

(2)  That  the  defect  frequently  became 
more  marked  and  the  incapacity  greater 
some  weeks  or  months  after  leaving  the 
colliery  for  military  training. 

(3)  That  the  result  of  explosions,  shell 
bursts,  etc.,  was  to  aggravate  the  con- 
dition considerably. 

All  of  this  showed  that  the  condition  of 
latent  nystagmus  in  those  men  who  had 
all  volunteered  and  were  keen  to  fight 
progressed  to  active  serious  nystagmus, 
in  spite  of  fresh  air  and  good  light.  This 
was  not  unknown  before,  as  cases  occur 
during  a  strike,  so  that  the  condition 
must  be  due  to  some  instability  of  the 
cerebral   centres   caused    by : — 

(1)  Defective  illumination  under  the 
present  conditions  of  working. 

(2)  To  an  unknown  extent  to  the  im- 
purities in  the  atmosphere  in  which  they 
work,  for  it  is  in  the  outlet  air  in  which 
the  lamp  gives  a  poorer  light  that  the 
cases  of  nystagmus  most  frequently 
occur,  and  this  impure  air  is  breathed  by 
the  men. 

Our  information  was  not  yet  sufficiently 
full  to  enable  us  to  estimate  the  effect  of 
long  inhalation  of  coal  gas.  This  insta- 
bility, due  to  long  exposure  to  these  con- 
ditions, remained  latent  or  in  abeyance 
for  a  long  time,  but  might  become  marked 
at  any  time  when  activated  by  a  shock 
or  accident  even  when  the  collier  had 
been  in  favourable  conditions  for  some 
time. 

The  best  explanation  at  present  was  as 
follows  :  As  the  collier  worked  in  such  a 
feeble    illumination    as    to    require   dark 
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adaptation  of  his  eyes,  his  macula  (central 
vision)  became  a  blind  spot,  and  it  was 
the  constant  rotation  of  the  eyeball  to 
obtain  a  fresh  piece  of  active  retina  to 
see  with  that  caused  the  particular  form 
of  nystagmus  which  affected  miners.  This 
feeble  illumination  also  increased  the  risk 
of  accident ;  every  collier  had  in  his 
cornea  numerous  fine  particles  of  coal 
tattooed  in  at  his  work. 

The  remedy  lay  in  the  better  illumina- 
tion and  the  better  ventilation  of  mines. 
The  whole  system  of  lighting  wanted 
alteration,  so  that  instead  of  a  mine 
being  one  of  the  darkest  places,  it  might 
be  brilliantly  lighted  with  60  candle- 
power  lamps,  instead  of  half  candlepower 
ones.  If  it  were  possible  to  use  electri- 
cally-powered coal-cutters  it  was  not 
inconceivable  that  lamps  might  be  worked 
by  similar  power  ;  with  this  and  with 
greatly  improved  ventilation,  so  that 
fresh  air  was  breathed,  we  might  see  the 
last  of  miner's  nystagmus. 

If  any  one  could  provide  the  necessary 
funds  to  investigate  the  effects  of  the 
outlet  air  of  a  mine  on  the  blood  of 
animals  and  man,  some  very  interesting 
information  might  be  obtained. 

Miss  Ettie  Sayer  said  that  ten  years 
before  the  war  she  had  practised  with 
incandescent  lamps  of  800  candlepower, 
of  a  type  claimed  to  yield  a  yellow  light 
free  from  blue  rays,  and  had  found  them 
of  great  value  in  treating  cases  of  lupus, 
neuritis,  etc.  People  could  lie  day  after 
day  with  such  a  lamp  only  14  inches  from 
their  eyes  and  the  effect  was  not  irritant 
but  soothing.  Such  lamps  had  also  been 
used  in  cases  of  iritis.  After  the  outbreak 
of  war  such  lamps  could  not  be  obtained, 
and  it  was  found  that  when  ordinary 
tungsten  lamps  were  used  in  the  same  way 
an  exposure  of  a  few  minutes  set  up  in- 
flammation unless  strong  protective  glasses 
were  used.  A  carbon  filament  lamp, 
which  contained  relatively  more  red  and 
vellow  and  less  blue  rays,  was  better 
than  the  tungsten  lamp  but  still  inferior 
to  the  special  lamp  giving  only  yellow 
rays  to  which  she  had  previously  referred. 

It  occurred  to  her  that  in  circumstances 
where  the  available  illumination  was 
very  low  it  might  be  of  importance  to 
exclude  the  blue  and  actinic  regions  of 
the  spectrum. 


Mr.  Bernard  Cridlaxd,  F.R.C.S.E.. 
D.O.  Oxon.,  congratulated  the  Society 
on  dealing  with  this  important  topic. 
Miners  nystagmus  should  be  regarded  as 
a  disease  of  the  ocular  centres  of  the 
general  nervous  system,  and  little  doubt 
was  now  entertained  that  the  character 
of  the  illumination  was  the  most  im- 
portant factor  to  be  considered. 

He  trusted  that  the  discussion  would  not 
merely  be  recorded  in  the  transactions  of 
the  societies  interested,  but  that  a  joint 
committee,  on  which  both  the  Illuminat- 
ing Engineering  Society  and  the  medical 
bodies  concerned  should  be  represented, 
would  be  appointed  to  conduct  a  full 
inquiry  into  the  whole  question. 

Communicated: — First,  may  I  con- 
gratulate Mr.  Gaster  and  the  Illuminat- 
ing Engineering  Society  on  having 
convened  this  joint  meeting.  The 
subject  is  a  very  important  one  from 
all  points,  and  it  is  unfortunate  that 
there  has  been  no  opportunity  since  the 
discussion  at  the  Oxford  Ophthalmological 
Congress  in  1912  for  a  further  interchange 
of  views  upon  this  interesting  disease, 
its  causation  and  prevention.  For  that, 
of  course,  the  war  is  accountable. 

Work  on  the  subject  has  doubtless 
been  carried  on  meanwhile  individually, 
but  not  collectively,  or  with  those  out- 
side the  medical  profession,  so  all  the 
more  is  it  a  matter  for  congratulation 
that  we  are  here  on  the  invitation  of 
those  who  can  and  doubtless  will  in  due 
course  so  modify  the  conditions  of  work 
in  the  mines  as  to  render  the  incidence 
of  coal  miners'  nystagmus  an  insignificant 
quantity. 

The  resolution  passed  at  the  Oxford 
Congress  was  as  follows  :  "  That,  in  the 
opinion  of  the  Congress,  the  character 
of  the  illumination  is  the  chief  factor 
in  the  production  of  miners'  nystagmus,"' 
etc.,  and  I  think  that  this  is  the  view 
now  held  by  all  medical  men  who  have 
the  handling  of  cases  of  nystagmus  and 
who  have  studied  the  disease. 

It  is  noteworthy  that  the  resolution 
contains  the  words  "  character  of  the 
illumination,"  and  also  "  chief  factor,-' 
and,  I  think,  they  were  wisely  chosen. 
"  Character "  comprises  not  only 
sufficiency,  but  actual  source,  colour, 
position,  etc.,  all  of  which  are  of  im- 
portance,   and,    again,    "  chief    factor  '* 
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means  at  once  that  there  may  be  other 
factors,  although  minor  ones  only.  The 
latter  should  be  kept  in  mind  for  it  is 
quite  likely  that  when  the  ideal  illuminant 
has  been  produced  and  has  been  in  use 
long  enough  to  draw  conclusions,  we 
shall  still  find  some  cases  of  nystagmus 
or  some  curious  modification  of  the 
disease  for  which  we  shall  have  to  invoke 
other  causes  than  faulty  illumination. 
It  is  the  latter,  however,  that  we  are 
considering  to-night  and  rightly  so, 
for  it  is  by  far  the  most  important. 

There  are  already  a  good  number  of 
statistics  on  the  effects  of  faulty  illumina- 
tion and  improvements  in  illumination 
in  mines,  and  if  these  are  not  enough 
many  others  could  be  produced  which 
would  form  a  mass  of  uncontrovertible 
evidence  in  favour  of  the  present-day 
view  as  to  the  chief  cause  of  nystagmus. 
I  suppose  that  the  latest  published 
record  is  that  of  Dr.  Stassen,  of  Liege, 
one  of  whose  tables  Dr.  Llewellyn  has 
given.  One  point  worthy  of  attention 
in  this  table  is  the  reference  to  acetylene 
lamps.  The  figures  on  this  line  are  those 
obtained  from  the  iron  and  zinc  mines 
and  are  therefore  not  strictly  comparable 
with  those  on  the  other  lines  of  the  table. 
The  acetylene  lamps  used  are  naked  ones 
with  reflectors. 

Stassen  mentions  that  he  found  nine 
cases  of  nystagmus  amongst  183  workers, 
but  they  were  of  the  benign  or  mild  form, 
and  probably  existed  before  the  intro- 
duction of  acetylene  lamps,  all  of  which 
is,  of  course,  in  favour  of  the  view  held. 
But  I  think  it  right  to  draw  attention  to 
the  way  the  figures  are  given  for  other- 
wise one  not  knowing  would  naturally 
say  all  that  is  necessary  is  to  use  an 
acetylene  lamp  of  8  to  15  candlepower 
in  a  coal  mine  and  nystagmus  will  dis- 
appear. I  am  not  aware  of  the  use  of 
an  acetylene  lamp  in  a  coal  mine  so  far, 
but  I  will  refer  to  this  later. 

There  is  just  one  point  I  should  like 
to  ask  Dr.  Llewellyn  and  that  refers 
to  his  observations  with  regard  to 
seasonal  prevalence,  namely,  that 
nystagmus  is  more  common  in  the  winter 
months  ;  does  he  base  his  figures  on  the 
number  of  days  worked  in  summer 
as  compared  with  the  number  in  winter, 
or  simply  on  the  total  number  of  cases 
reported  in  summer  and  winter  irrespec- 
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tive  of  the  number  of  days  worked  ': 
In  the  pits  producing  house  coal  only 
the  days  worked  in  summer  average  two 
a  week  as  compared  with  four  or  five 
in  winter  (in  pre-war  time,  of  course), 
and  there  would  naturally  be  less  nystag- 
mus. I  ask  this  for  information  and  in 
no  way  wish  to  dispute  his  very  reason- 
able conclusion. 

Dr.  Llewellyn  has  given  us  his  views 
on  "  the  standards  of  illumination  re- 
quired," and  I  am  sure  we  are  all  in 
accord  with  them.  He  suggests  that 
the  standard  aimed  at  should  be  that  of 
the  candle  pit.  This  should,  I  think, 
be  the  lowest  standard  ;  I  do  not  think 
it  would  be  harmful  to  have  what  might 
be  regarded  as  an  excess  of  light  provided 
that  it  is  properly  placed.  Would  it  nob 
be  possible  to  introduce  one  or  more 
lamps  of  high  candlepower  in  a  stall  or 
heading  in  addition  to  those  of  lesser 
candlepower  ?  The  brighter  lamps  hung 
high  and  reflecting  downwards  would 
give  first  of  all  a  better  general  illumina- 
tion and  would  not  interfere  with  the 
lighting  of  smaller  areas  by  the  smaller 
lamps.  By  this  means  there  would  be 
less  contrast  effects  and  therefore  fewer 
retinal  shocks.  The  advantage  of  having 
peripheral  illumination  is  seen  in  the 
effect  of  working  in  a  room  at,  saw  a 
desk  lit  by  one  lamp  only,  the  rest  of  the 
room  being  in  semi-darkness,  in  such 
conditions  the  eyes  fatigue  more  easily 
than  when  the  room  is  lit  generally  in 
addition. 

There  are  many  other  points  for  con- 
sideration such  as  colour,  diffusion, 
and  the  effect  of  the  ultra-violet  rays 
upon  the  eyes,  all  of  which  I  think  require 
careful  investigation.  But  I  would  here 
like  to  ask  the  Engineering  Society  if  it 
would  not  be  possible  to  construct  an 
acetylene  lamp  of,  say,  10  to  15  candle- 
power  with  reflectors  for  use  in  the  mine. 
self-contained  and  portable.  It  should 
be  possible  to  make  it  a  safety  lamp, 
and  the  glass  could  be  of  the  triplex 
pattern  and  of  Crookes'  A  or  B  type. 
Such  a  lamp  could  be  used  to  obtain  a 
general  illumination  in  addition  to  other 
smaller,  but  handier  ones. 

In  conclusion  I  would  ask,  sir,  whether 
this  important  matter  is  to  end  by  simply 
recording;  the  discussion  in  our  respective 
transactions.     There  is  so  much  investiga- 
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tion  to  be  done  before  anything  like  a 
definite  conclusion  can  be  agreed  upon. 

I  suggest  that  the  first  procedure  is  to 
have  a  report  drawn  up  indicating  to  the 
Government  the  necessity  for  action 
to  be  taken  in  improving  the  illumination 
in  mines  and  indicating  the  lines  on 
which  such  action  should  run.  Such  a 
report  could  be  drawn  up  by  a  joint  com- 
mittee of  the  Illuminating  Engineering 
Society  together  with  representatives  of 
the  medical  profession  and  such  other 
scientists  as  it  may  be  necessary  to 
include. 

From  an  ophthalmic  point  of  view 
we  have  the  machinery  ready  and  with 
great  respect  to  the  ophthalmic  section 
of  the  Royal  Society  of  Medicine  I  suggest 
that  the  Council  of  British  Ophthalmo- 
logists as  representing  British  Ophthalmo- 
logv  in  general  be  approached  with  a 
view  to  nominating  the  medical  portion 
of  the  joint  committee  ;  naturally,  their 
nominations  would  be  in  accordance 
with  the  custom  of  the  Council  in  similar 
matters  from  amongst  those  with  special 
knowledge  of  the  subject  and  not 
necessarily  ophthalmic  surgeons. 

The  drawing  up  of  such  a  report  is,  I 
think,  as  much  as  can  be  expected  of 
voluntary  effort,  it  is  not  fair  or  business- 
like to  expect  men  to  give  not  only  their 
time  and  energy,  but  to  find  themselves 
actually  out  of  pocket  in  working  for 
what  will  be  a  national  investment  when 
success  is  achieved.  The  further  burden 
of  actual  research  must  be  born  by  the 
nation,  and  those  who  carry  it  out  should 
be  adequately  compensated. 

Mr.  A.  L.  Whitehead  (Leeds)  thought 
that  Dr.  Haldane  had  summed  up  the 
situation  in  ODe  sentence — Nystagmus 
was  essentially  due  to  the  efforts  made  by 
the  miner  to  carry  on  his  work  under 
disadvantageous  conditions.  Defective 
vision  clue  to  errors  of  refraction  or  any 
other  condition,  added  to  his  difficulties, 
but  whatever  subsidiary  causes  were  at 
work,  the  essential  cause  was  defective 
illumination.  If  the  illumination  could 
be  increased  this  would  go  far  to  counter- 
act any  secondary   cause. 

Dr.  Llewellyn's  statistics  seemed  to 
show  that  if  the  light  could  be  increased, 
even  by  J  candlepower,  nystagmus 
would  almost  be  abolished.     The  head- 


light supplemented  by  an  adequate 
reflector  would  apparently  solve  the 
difficulty,  if  it  could  be  regarded  as 
absolutely  safe  ;  and  even  if  the  electric 
hand  lamp  were  used,  its  efficiency  could 
be  much  increased  by  a  suitable  reflector. 

Mr.  N.  Bishop  Harmax  said  that  the 
form  of  head  lamp  shown  by  the  author 
appeared  to  have  some  excellent  features, 
but  would  the  long  length  of  flex  permit 
of  its  use  in  a  dangerous  mine  ?  If  so, 
its  advantages  would  outweigh  any 
drawbacks  as  regards  weight. 

As  regards  the  causation  of  nystagmus, 
he  thought  that  there  could  be  no  doubt 
that  inadequate  lighting  was  the  most 
important  factor.  The  papers  of  Sir 
Josiah  Court,  who  showed  that  in  safety- 
lamp  mines  the  disease  was  prevalent, 
whereas  in  mines  where  candles  could  be 
used  it  was  rare,  were  convincing  on  this 
point.  To  stress  secondary  factors  until 
the  lighting  problem  was  solved  was  a 
danger — a  reel  herring  across  the  trail  ! 

He  felt  that  the  solution  of  the  problem 
of  lighting  demanded  something  more 
than  improvements  in  details,  which 
stemed  all  that  was  immediately  practi- 
cable with  the  ordinary  form  of  miners' 
lamps.  During  a  visit  to  the  Cavendish 
Laboratory  at  Cambridge  he  saw  a  form 
of  vapour  lamp  which  could  be  looked 
at  with  comfort  for  any  length  of  time, 
and  which  gave  a  very  diffused  light.  It 
seemed  desirable  to  initiate  a  research 
with  the  object  of  producing  some  form 
of  vapour  lamp,  supplied  from  a  battery 
of  small  weight,  suitable  for  use  in 
mines. 

Mr.  Leon  Gaster  mentioned  that  a 
number  of  valuable  communications  from 
Sir  George  Berry  and  others  had  been 
received  and  would  be  included  in  the 
printed  account  of  the  proceedings.  He 
wished  to  thank  all  those  who  had  con- 
tributed to  the  interest  of  the  meeting  by 
exhibiting  miners'  lamps.  They  had 
listened  with  interest  to  Mr.  Fudge's 
remarks  in  regard  to  the  work  of  the 
Home  Office  Committee  on  Miners' 
Lamps,  of  which  he  is  secretary.  The 
Home  Office  had  shown  their  enterprise 
in  dealing  with  industrial  lighting  through 
the  medium  of  the  Departmental  Com- 
mittee appointed  to  deal  with  this  matter, 
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and  he  thought  that  there  was  another 
equally  useful  field  for  their  activities  in 
connection  with  illumination  in  mines. 

He  welcomed  Mr.  Cridland's  suggestion 
that  there  should  be  a  Joint  Committee 
formed  to  enquire  into  the  whole  question 
of  illumination  in  the  mines  in  relation 
to  the  eyesight  of  miners,  and  the 
Illuminating  Engineering  Society  would 
greatly  apjireeiate  the  co-operation  of  the 
Council  of  British  Ophthalmologists  and 
the  Royal  Society  of  Medicine  in  this 
work.  An  essential  feature  of  such  an 
enquiry  would  be  the  joint  collection,  on 
a  uniform  basis,  of  data  on  illumination 
and  eyesight,  collected  respectively  by 
photometric  experts  and  ophthalmologists 
and  medical  men. 

The  Committee  already  sitting  under 
the  Home  Office  on  miners'  lamps  would 
doubtless  do  most  valuable  work  in 
improving  and  standardising  the  illumin- 
ants  available.  The  enquiry  he  proposed 
woidd  thus  be  supplementary  to  the  work 
of  this  Committee,  with  which  it  would 
co-operate,  by  tracing  the  actual  results 
of  such  improvements  in  practice.  It 
was  clearly  essential  that  the  data  in 
various  mines  should  be  collected  by 
recognised  experts  so  as  to  be  strictly 
comparable,  and  that  there  should  be 
continuous  investigations  covering  the 
conditions  before  improvements  in  lighting 
were  made,  during  the  period  of  improve- 
ment, and  afterwards,  so  that  a  complete 
record  might  be  available,  and  decisive 
conclusions  drawn.  He  hoped  that  the 
Home  Office  would  lend  its  sympathetic 
support  to  this  investigation. 

The  Chairman  (Mr.  J.  Herbert 
Parsons)  said  that  he  had  very  little 
doubt  that  the  difficulty  in  regard  to 
the  incidence  of  miners'  nystagmus  was 
due  to  the  low  illumination.  He  thought 
that  the  figures  presented  by  Dr.  Llewel- 
lyn and  others  were  conclusive  on  this 
point.  The  remedy  consisted  in  pro- 
viding a  higher  order  of  illumination,  by 
the  use  of  lamps  of  greater  eandlepower, 
possibly  aided  by  special  reflecting 
devices.  From  the  scientific  standpoint 
it  was  a  difficult  matter  to  devise  an 
electric  lamp  which  would  give  an  ade- 
quate indication  of  the  presence  of  fire- 
damp, and  he  was  not  certain  that  this 
piroblem  had  yet  been  solved. 


In  view  of  the  large  number  of  speakers 
the  time  available  for  each  had  been 
unavoidable  limited,  and  he  hoped  that 
those  taking  part  in  the  discussion  would 
send  in  their  remarks  in  a  fuller  form  for 
publication  in  the  official  organ,  and  that 
others  who  had  not  been  able  to  be 
present  would  also  send  in  written  con- 
tributions. The  discussion  would  furnish 
a  useful  review  of  the  position  and  would 
serve  as  a  basis  for  further  investigations 
on  the  lines  suggested  by  Mr.  Cridland 
and  Mr.  Gaster. 

Sir  George  A.  Berry,  Edinburgh 
(communicated) : — 

I  must  congratulate  the  Society  on  the 
energy  and  enterprise  shown  in  promoting 
such  a  meeting,  and  I  greatly  regret  that 
I  cannot  possibly  arrange  to  be  present. 
I  entirely  agree  with  Dr.  Llewellyn's  con- 
clusion that  the  most  important  factor 
to  be  considered  in  the  etiology  of  miners' 
nystagmus  is  that  of  illumination.  It  is 
certainly  desirable,  on  economic  as  well  as 
humanitarian  grounds,  to  settle  as  far  as 
possible  the  question  of  the  amount  and 
character  of  illumination. 

I  do  not  find  myself  in  such  complete 
agreement  with  Dr.  Elwoithy  with  regard 
to  the  type  of  nystagmus  which  he  refers 
to  as  incurable.  I  doubt  if  any  etiological 
influence  can  be  ascribed  to  the  action 
of  ultra-violet  rays.  The  symptoms,  as  I 
know  them,  are  more  consistent  with, 
and  probably  due,  to  the  same  causes  as 
those  of  other  more  familiar  types  of 
asthenopia.     But  this  is  a  minor  point. 

As  regards  the  etiologv  too,  of  miners' 
nystagmus  in  general,  there  are  other 
factors  besides  that  of  defective  illumina- 
tion. One  important  one  is  the  con- 
strained position  of  the  eyes  required  in 
fixation.  But  the  effect  of  this  factor  is  so 
much  aggravated  by,  and  so  dependent 
upon,  defective  illumination,  that  it  is 
practically  eliminated  when  the  illumina- 
tion is  made  sufficient.  While,  therefore, 
of  scientific  interest  it  does  not  enter  as  a 
factor  of  primary  practical  importance. 

There  are  other  more  general  factors 
connected  with  ventilation,  a  dust-laden 
atmosphere  and  general  health  which, 
though  important  in  a  way.  are  all  more 
or  less  subsidiary. 

In  fact  there  can  be  no  doubt  that  the 
first,  and  main,  question  to  be  settled  is 
that   of   safe,    efficient    illumination.       I 
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hope  your  .Society  will  solve  this  point 
and  that  the  discussion  will  lead  to 
far-reaching  practical  results. 

Sir  Josiah  Court.  Staveley  [communi- 
cated) : — In  dealing  with  miner's  nys- 
tagmus it  must  be  borne  in  mind  that 
coal  miners  are  a  selected  class  of  workers, 
because  only  men  of  strong  phvsique  can 
work  down  a  colliery. 

Compared  with  other  men.  they  are 
well  fed  and  clothed,  and  their  children 
are  hardy  and  strong.  A  large  propor- 
tion of  them  start  work  in  the  pita  as  boys, 
and  if  found  after  a  time  to  be  unfit  they 
leave  the  colliery  for  other  jobs. 

Thousands  of  miners  have  oscillations 
of  the  eyes  when  at  work,  and  they  are 
not  aware  of  it.  In  the  daylight  the  eve 
movements  are  hardly  to  be  detected. 

When  I  examined  106  miners  down  two 
collieries  near  Staveley  in  the  year  1912, 
forty-one  "holers"  were  tested,  twenty 
of  them  had  nystagmus,  but  not  one  of 
them   was  incapacitated  from  work. 

When  I  questioned  each  man  before 
my  examination,  he  said  that  he  had 
nothing  the  matter  with  his  eyes. 

Bad  cases  of  nystagmus,  with  giddi- 
ness, headache,  night  blindness,  photo- 
phobia, blinking  of  the  eyelids,  etc.,  no 
doubt  have  inherited  a  nervous  pre- 
disposition to  the  disease. 

I  saw  two  young  men  down  the  pit  in 
1912:  they  were  brothers,  a<_red  32  and 
43.  Both  had  nystagmus  in  a  bad  form. 
Neither  of  these  young  men  had  ever  been 
off  work  on  account  of  their  eyes,  and 
they  made  no  complaint  of  them  to  me. 

Now  comes  the  practical  question : 
What  kind  of  lamp  and  light  is  best 
suited  for  the  relief  of  those  cases  of 
nystagmus  ? 

In  my  opinion  it  is  a  si)  e  </  ta  non  that 
a  miner's  lamp  should  give  a  good 
illumination,  and  that  the  light  must  be 
diffused  equally  in  every  direction  so  that 
a  miner  can  see  clearly  all  round  as  well 
as  in  front. 

Again,  men  with  nystagmus  complain 
of  the  glare  from  the  white  light  of  the 
electric  light.  It  would  very  much 
relieve  these  sufferers  if  amber-coloured 
glass,  or  Crookes'  glass,  was  used  to  cover 
the  bulb  of  the  electric  lamp.  The  ultra- 
violet rays  which  cause  the  irritation 
would  then  be  cut  off. 


Last  January  I  went  down  one  of  the 
Staveley  Collieries  and  tried  an  electric 
lamp  with  glass  cover  stained  light 
amber.  The  miners  found  it  very  com- 
fortable to  work  with.  The  glare  was 
completely  removed. 

I  notice  that  some  authorities  advocate 
the  use  of  an  electric  headlamp,  with  tube 
and  battery,  the  latter  carried  on  the 
back  with  a  belt  round  the  waist. 

The  only  one  I  have  seen  has  a  light 
the  radius  of  which  is  too  small  and  the 
light  too  concentrated.  It  does  away 
with  the  lateral  vision,  also  it  does  not 
illuminate  in  every  direction.  A  miner 
in  a  stall  cannot  see  all  round  him  unless 
constantly  moving  his  head.  Again,  the 
headlamp  and  the  cap  with  tube  and 
battery  must  clog  the  movements  of  the 
body  and  in  hot  pits,  where  the  tempera- 
ture at  the  coal  face  is  over  80°  and  the 
men  work  stripped  to  the  skin,  the 
apparatus  would  increase  sweating  and 
fatigue,  and  become  intolerable.  More- 
over, the  long  tube  and  battery  would 
prevent  a  man  from  heaving  up  a  tub 
with  his  back  against  it. 

After  all.  an  electric  lamp  without 
shadows,  which  can  be  put  on  the  ground 
with  nothing  to  prevent  the  diffusion  of 
light  everywhere,  is  the  best  for  the  coal- 
getter. 

There  may  be  trouble  with  the 
batteries,  but  in  time  all  difficulties 
should  be  overcome. 

Dr.  George  Mackay,  Edinburgh  (com- 
municated) : — 

I  have  examined  the  papers  presented 
by  Drs.  Llewellyn  and  Elworthy,  and  am 
in  general  agreement  with  the  opinions 
expressed  by  both  writers.  There  is  no 
question  that  the  great  desideratum  is  a 
lamp  for  the  use  of  miners  giving  more 
efficient  illumination,  sufficiently  strong 
to  stand  rough  usage,  and  cheap  enough  to 
commend  itself  to  the  mine  owners. 

Mr.  Stanley  Nettletox,  Lecturer  in 
Mining   at   the   Royal   School   of   Mines 

(communicated)  : — 

As  a  mining  engineer  whose  experience 
has  been  largely  in  coal  mines,  I  have 
come  in  touch  with  cases  of  nystagmus, 
and  though  this  disease  is  undoubtedly 
associated    with    defective    illumination 
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underground,  I  very  much  doubt  if 
improved  lighting  in  the  mines  would 
bring  about  beneficial  results  to  the 
extent  suggested  by  some  of  the  speakers 
in  the  discussion. 

Statistics  regarding  accidents  and  out- 
put are  apt  to  be  misleading  unless  they 
refer  to  a  field  of  considerable  extent. 
I  should  be  glad  if  Dr.  Llewellyn  would 
state  the  number  of  men  employed  at 
pits  A  and  B,  referred  to  in  Table  5 
in  his  paper.  Do  the  figures  for  output 
per  person  per  shift  imply  that  at  pit  B 
the  men  did  5  per  cent,  more  work  than 
at  A,  where  oil  lamps  were  used?  How 
are  these  figures  obtained  as  it  is  not 
stated  whether  the  units  quoted  refer 
to  lbs.  or  trucks  of  coal  ?  Further,  were 
the  conditions  of  working  the  thickness 
of  coal,  character  of  roof,  etc.,  in  the  two 
pits  A  and  B  practically  the  same  in  each 
case  ? 

In  the  discussion  of  the  paper  one 
speaker  referred  to  five  cases  of  nystagmus 
in  a  mine  employing  2,911  men.  It  is 
obvious  that  the  reporting  or  failure  to 
report  the  disease  in  a  couple  of  instances 
would  make  considerable  difference  in 
statistics  which  merely  quoted  on  a  per- 
centage basis. 

I  have  no  interest  in  any  particular 
type  of  lamp,  and  while  I  believe  that  a 
better  light  might  tend  to  reduce  nystag- 
mus and  possible  also  accidents  from 
falls  of  roof  or  side,  etc.,  in  working  places, 
the  fact  must  not  be  overlooked  that  in 
comparing  an  electric  with  a  flame  lamp 
the  latter  is  not  to  be  regarded  only  as  a 
source  of  light  but  also  as  an  indicator 
of  the  presence  of  firedamp  and  of  foul 
air.  Apparently  no  electric  lamp  has  yet- 
been  devised  to  perform  these  two 
functions. 

Mr.  A.  P.  Welch  (communicated)  : — 
I  should  like  to  thank  both  lecturers 
for  the  interesting  details  put  forward, 
and  the  conclusion  I  think  that  everyone 
must  draw  from  their  remarks  is  that  the 
electric  safety  lamp  undoubtedly  is 
greatly  superior  to  the  flame  lamp  for 
colliery  use. 

Personally,  I  have  no  hesitation  in 
saying  that  the  electric  cap  lamp  is  the 
lamp  of  the  future.  Its  extensive  use 
in  the  United  States  of  America  has 
proved  it  a  most  satisfactory  source  of 


light,  and  I  concur  entirely  with  Dr. 
Llewellyn's  remarks  concerning  it.  I 
would  like  to  ask  if  Dr.  Llewellyn  has 
any  figures  he  can  give  us  showing  the 
prevalence  or  absence  of  miners'  nystag- 
mus in  American  pits  where  this  cap  lamp 
is  used. 

I  was  interested  particularly  in  the 
remarks  made  with  reference  to  the 
whitewashing  of  portions  of  the  workings. 
About  18  months  ago  I  wrote  a  short 
article  on  miners'  nystagmus  which 
appeared  in  Electricity  (August  23rd, 
1918).  In  this  article  I  suggested  that 
sheets  of  three-ply  wood  should  be 
spjrayed  with  whitewash  and  used  in  the 
workings  in  suitable  positions,  so  pro- 
viding a  comparatively  large  reflecting 
surface.  Such  a  method  would  be  quite 
cheap  ;  the  whitewashed  boards  can  be 
arranged  to  the  best  advantage,  and 
would  reflect  a  very  large  proportion  of 
the  light  falling  upon  them,  their  reflect- 
ing surface  can  be  kept  in  good  order 
by  spraying  with  whitewash  at  suitable 
intervals.  In  view  of  the  question  of 
modifying  the  colour  of  the  light,  it  may 
be  advantageous  to  spray  the  boards 
with  some  colour  wash  which  can  be 
modified  to  suit  the  chromophotic  index 
as  suggested  by  Dr.  Elworthy. 

The  half-watt  lamp  is  in  my  opinion 
not  the  solution  of  the  problem.  My 
reasons  for  this  statement  are  as  follows  : 

The  filament  length  of  a  standard 
2-volt.  bulb  is  small,  and  the  cooling 
effect  of  the  leading-in  wires  very  con- 
siderable ;  in  consequence,  the  actual 
portion  of  the  filament  giving  the  largest 
amount  of  useful  light  is  probably  at.  or 
near,  half-watt  efficiency,  and  it  is 
doubtful  if  much  improvement  can  be 
made  in  this  direction  on  a  2-volt.  bulb. 

When  these  small  bulbs  burn  out  it  will 
be  found  that  the  break  nearly  always 
occurs  at  the  middle  of  the  filament. 

I  am  quite  certain  that  the  solution 
of  the  problem  will  be  found  by  using  : — 

(1)  A  cap  lamp. 

(2)  A  -1-volt.  battery. 

My  reasons  for  this  assertion  are  as 
follows  : — 

(1)  In  the  cap  lamp  the  light  can  be 
concentrated  in  the  required  position, 
and  a  very  much  more  efficient  reflector 
can  be  used 
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(2)  With  the  cap  lamp,  the  lamp  is 
much  closer  to  the  coal  face  and  less 
liable  to  damage  than  the  type  of  safety 
lamp  at  present  in  use. 

(3)  The  general  working  efficiency  of  a 
4-volt.  lamp  is  higher  than  that  of  a  2-volt. 
lamp  for  the  reason  given  above. 

One  of  the  speakers  suggested  that 
miners'  nystagmus  might  be  caused  by 
some  micro  organism,  but  I  believe  that 
many  experiments  have  proved  that 
freshly  cut  coal  is  entirely  germ  free. 
It  is  possible,  however,  that  spores  of  some 
yet  unknown  germ  do  exist,  and  will  one 
day  be  isolated.  This  has  already 
occurred,  although  perhaps  it  is  not  quite 
a  parallel  case,  with  a  disease  at  one  time 
so  prevalent  in  the  German  coalfields, 
and  which  gave  considerable  trouble  in 
our  own  Cornish  tin  mines,  which  disease 
was  afterwards  found  to  be  due  to  the 
Ankilostoma  worm. 

With  reference  to  the  lamp  suggested  by 
Dr.  Llewellyn,  a  drawing  of  which  he 
shewed  us  ;  I  think  most  safety  lamp 
manufacturers  will  agree  that  the  type 
of  reflector  there  suggested  is  of  com- 
paratively little  use  in  safety  lamps,  the 
bottom  reflector  does  not  catch  much 
light  as  the  lamp  bulb  cap  shields  it 
very  considerably  ;  also  the  top  reflector 
is  cut  down  as  much  as  possible  in  order 
to  reduce  the  overall  height  of  the  lamp. 
My  own  experiments  have  shown  that 
reflectors  of  this  type  are  of  very  little  use. 

Mr.  C.  S.  Percival,  Newcastle-on- 
Tyne  (communicated)  :■ — 

I  have  been  trying  to  get  a  thoroughly 
satisfactory  view  about  the  cause  of  coal- 
miners'  nystagmus,  and  have  so  far  quite 
failed. 

The  deficiency  of  light  has  frima  facie 
much  to  recommend  it,  but  there  are 
some  serious  objections  to  it  : — 

(1)  Nystagmus  does  occur  in  other 
occupations,  though  rarely,  when  full 
illumination  is  present,  e.g.,  ceiling 
paperers  (I  think  Snell  drew  attention 
to  this  first).  I  published  a  case  of 
-  acquired  nystagmus  in  a  railway  clerk 
whose  business  was  to  run  his  eyes  along 
very  long  columns  or  rows  of  figures 
in  a  huge  folio  all  day.  He  had  the 
tremors  and  other  symptoms  of  coal- 
miners'  nystagmus.  The  illumination  was 
quite  good.  To-day,  at  the  Eye  Infirmary, 


I  saw  a  young  man  of  only  20  who  had 
the  classical  rotatory  nystagmus,  who 
had  been  engaged  in  the  same  pit  with 
safety  lamp  illumination  since  the  age  of 
II.  Yet  he  said  the  nystagmus  had  only 
come  on  in  the  last  two  months,  and 
attributed  it  to  his  working  in  the  last 
three  or  four  months  in  an  especially 
narrow  seam  (two  feet).  So  this  case, 
as  far  as  it  goes,  supports  Snell's  view 
of  strained  position,  especially  looking 
obliquely  upwards  and  to  one  side.  This- 
was  the  position  in  which  he  said  he  had 
to  keep  his  eyes,  and  to  this  he  attributed 
The  condition. 

In  the  pits  about  this  district  the 
miners  themselves  attribute  the  nystag- 
mus to  several  causes. 

With  about  equal  frequency  to  strained 
position  of  eyes  and  to  deficient  illumina- 
tion ;  four  years  ago  the  strained  position 
was  far  the  most  frequently  alleged  cause. 
In  some  gassy  pits  it  is  regarded  as  due 
to  the  toxic  effect  of  the  gas  ;  but  it  may 
be  noted  that  in  all  gassy  pits  safety 
lamps  are  used.  Latterly  I  have  had 
several  men  who  have  been  convinced 
that  it  was  due  to  the  gases  given  off 
the  explosives  used — saxonite,  etc.  Alto- 
gether it  is  a  most  perplexing  subject,  and 
my  own  impression  is  that  the  cause  is  not 
yet  known. 

The  following  is  a  most  important 
point.  It  is  well-known  that  one  of  the 
early  symptoms  of  the  disease  is  an 
inability  to  see  the  blue  cap,  unless  it  is 
very  large,  which  appears  over  the  flame 
of  the  safety  lamp  in  the  presence  of  gas 
(firedamp).  In  the  pits  in  this  neighbour- 
hood it  is  the  custom  for  "  viewers  "  to 
traverse  all  the  mine  passages  before  each 
shift  with  a  safety  lamp,  in  order  to  see 
that  the  pit  is  safe.  A  rough  idea  of  the 
percentage  of  gas  present  in  the  air  can  be 
made  from  the  size  of  the  blue  cap.  Now 
I  have  personally  been  consulted  by  two 
viewers  who  both  had  miners'  nystagmus, 
and  vet  they  were  still  engaged  in  this 
most  important  and  responsible  work. 
I  would  urge  most  strongly  that  every 
viewer  should  be  tested  every  six  months 
as  to  his  ability  to  detect  the  blue  cap. 
The  test  can  be  quite  easily  and  quickly 
made.  A  gas  cupboard  with  a  glass 
window  in  front  containing  one  or  two 
safety  lamps.  Ordinary  coal  gas  can  be 
admitted    into    the    cupboard    to    the 
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partition  holding  one  of  the  lamps. 
The  blue  cap  will  appear  and  will  increase 
in  size  according  to  the  percentage  of  coal 
gas  present. 

If  the  miners  were  told  of  the  extreme 
importance  of  this  test,  and  were  shown 
that  the  safety  of  their  lives  depended 
upon  it,  I  think  that  there  would  be  no 
hesitation  in  its  being  accepted  by  the 
Miners'  Federation.  If  it  were  not 
accepted  of  course  there  might  be  miners' 
strikes  in  sympathy  with  a  "  viewer  :' 
who  lost  his  appointment  owing  to  his 
getting  coalminers'  nystagmus. 

I  have  no  doubt  that  many  of  the 
explosions  in  mines  have  occurred  due 
to  this  cause,  that  the  viewer  for  the 
district  in  the  coal  mine,  where  the 
explosion  occurred,  was  affected  with 
this  disease. 

Of  course  electric  light  would  be  very 
desirable  in  a  pit,  but  at  the  same  time 
I  think  that  it  would  be  well  to  have  a 
safety  lamp  also  placed  every  30  yards 
or  so  near  the  workings.  Every  pitman 
should  be  warned  to  look  now  and  again 
at  the  safety  lamp  to  see  if  there  was 
a  blue  cap  over  its  flame.  In  this  way 
warning  would  be  given  if  there  were  a 
sudden  escape  of  gas  from  the  workings. 

Experiments  are  needed  in  order  to 
ascertain  the  best  form  of  light.  A  16 
or  32  candlepower  electric  lamp  of  fair 
size  is  more  agreeable  to  the  eye  than  one 
in  which  the  same  candlepower  is  con- 
centrated over  a  filament  of  smaller  area 
and  higher  specific  luminosity.  The 
ideal  source  would  be  one  in  which  the 
light  is  completely  diffused,  in  somewhat 
the  same  manner  as  in  the  mercury  lamp 

Dr.  J.  A.  Wilson,  O.B.E.,  Glasgow, 
(communicated)  : — As  I  had  to  leave  the 
meeting  at  an  early  hour,  I  am  pleased 
to  comply  with  your  request  for  a  short 
summary  of  the  remarks  I  proposed 
offering. 

I  have  always  maintained  that  the 
nystagmus  of  miners  should  not  be 
regarded  as  being  an  entity  in  itself. 
The  so-called  *'  miners'  nystagmus " 
forms  but  a  small  percentage  of  the  total 
number  of  cases  of  nystagmus  that 
exists  in  the  general  population.  Now 
all  these  cases  are  alike  in  their  mani- 
festations ;  all  are  one  and  the  same 
disorder. 


If  we  are  to  argue  from  conditions 
and  symptoms  back  to  the  cause  of  the 
disorder,  then  we  should  do  so,  not  in  a 
sectional,  but  in  a  comprehensive  manner. 

During  the  last  two  months  I  have 
seen  four  cases  of  nystagmus.  These 
patients  were  all  girls  ;  three  of  them 
had  fair  hair,  all  had  defective  vision 
from  causes  other  than  the  nystagmus 
and  one  had  the  peculiar  backward  tilt 
of  the  head  with  the  serious  facial 
expression  so  frequently  seen  in  the  coal 
miner.  One  was  a  very  interesting  case 
of  latent  nystagmus.  She  squinted  with 
one  eye  and  the  vision  in  this  eye  was 
defective.  The  vision  in  the  other  eye 
was  good.  When  first  seen  she  had  no 
obvious  nystagmus.  I  covered  the  good 
eye  with  a  card  and  immediately  nystag- 
mus ensued.  What  happened  w7hen  I 
covered  the  good  eye  ?  Plenty  of  light 
wras  entering  the  squinting  eye,  and  some 
light  from  behind  the  card  was  also 
entering  the  good  eye.  It  was  not  the 
wrant  of  light  that  produced  the  nystag- 
mus, but  the  light  that  entered  the  good 
eye  was  unable  to  focus  and  form  retinal 
images. 

The  albino  is  peculiarly  liable  to 
nystagmus  and  here  there  is  too  much 
light  in  the  eyeballs,  but  well-defined 
images  are  not  formed.  Nystagmus  is 
liable  to  occur  where  there  is  error  of 
refraction,  squint,  eye  defect,  blindness, 
or  conditions  approximating  blindness, 
such  as  in  the  dull  illumination  of  the 
coal  mine. 

The  one  feature  that  is  common  to  all 
cases  of  nystagmus  is  the  imperfection, 
or  the  absence,  of  retinal  images. 

Can  anything  to  done  to  give  better 
retinal  images  to  the  man  working  in  the 
coal  mine  ?  The  dull  black  of  the  coal 
face  does  not  provide  them.  Mr. 
Elworthy's  suggestion  to  introduce 
patches  of  white  may  help  in  some 
measure  to  provide  distinct  retinal  images. 
Splashes  of  whitewash  seem  desirable  ; 
perhaps  even  the  coal  face  could  be 
occasionally  splashed  or  have  some 
white  powder  thrown  over  it. 

I  am  not  qualified  to  say  anything  on 
lighting,  but  would  suggest  that  it  should 
be  diffused  and  not  reflected. 

[Contributions — "  Nystagmus,"  British  Medi- 
cal Journal,  Nov.  1st,  1913;  "  Nystagmus." ' 
The  Lancet,  Oct.  23,  1915.] 
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Dr.  Leslie  Buchanan,  Surgeon  to  the 
Glasgow  Eye  Infirmary  (communicated)  : 

Having  seen  many  cases  of  this  interest- 
ing condition  and  carefully  interrogated 
the  men  who  were  the  subject  of  it,  I 
have  come  to  be  a  firm  adherent  of  the 
belief  that  the  primary  cause  is  defective 
illumination. 

In  nearly  all  cases  the  men  work  with 
a  safety  lamp  of  some  kind.  Exceptions 
to  this  rule  are  quite  uncommon. 

It  may  be  the  case  that  another  factor 
is  a  determining  cause,  namely,  instinctive 
protective  action,  which  causes  the  eye 
to  turn  upwards  in  an  oblique  direction. 

So  far  as  my  investigations  go  there  is 
no  very  definite  hereditary  tendency  to 
nystagmus,  but  miners  frequently  have 
sons  who  work  in  the  same  pit  as  they  do 
and,  under  simjlar  conditions,  develop 
nystagmus  whilst  the  parent  also  suffers 
from  it. 

I  have  been  unable  to  find  any  support 
for  the  view  that  miners'  nystagmus  is 
caused  by  a  congenital  cerebral  defect 
which  results  in  muscular  instability. 

Regarding  treatment  there  is  no  doubt 
that  the  only  satisfactory  method  is 
immediate  cessation  of  work  underground 
in  any  capacity.  It  is  advisable  for 
the  man  to  do  no  work  of  any  kind  for 
some  weeks,  but  go  out  of  doors  as  much 
as  it  is  feasible. 

The  prevention  of  the  condition  mainly 
depends  upon  the  possibility  of  obtaining 
good  illumination,  and  a  miner  who  has 
suffered  from  nystagmus,  being  liable  to 
recurrence  if  subjected  to  similar  con- 
ditions as  regards  lighting,  etc.,  would 
be  well  advised  to  change  to  another 
colliery  where  conditions  were  less  liable 
to  call  out  this  particular  symptom. 

Mr.  H.  F.  Joel  (communicated) : — ■ 
In  view  of  the  inevitable  limitation  of 
time  available  for  the  discussion  of  this 
interesting  paper,  I  gladly  avail  myself 
of  the  Chairman's  invitation  to  contribute 
some  supplementary  remarks.  I  observe 
that  Dr.  Elworthy  refers  to  the  desira- 
bility of  colour  relief  amidst  the  dark 
surroundings  prevailing  in  mines.  In 
the  "  Joel-Fors  "  lamp,  which  I  had  the 
pleasure  of  exhibiting  at  the  meeting, 
the  bulb  of  the  lamp  had  been  stained 
with  a  yellow  preparation,  occasioning  a 
diminution  in  intensity  of  light  of  from 


2  to  1*5  candlepower,  but  having,  he 
believed,  advantages  which  more  than 
compensated  for  this  loss  of  light.  The 
difference  in  quality  of  the  light  was 
illustrated  by  the  manner  in  which  the 
brass  pillars  of  the  lamp  showed  up  in 
their  true  colour.  I  should  very  much 
like  to  hear  Dr.  Elworthy' s  opinion  of 
the  value  of  the  principle  adopted.  I 
have  already  found  that  in  some  cases 
the  yellow  tinted  lamp  is  preferred  to 
the  clear  bulb,  which  can,  of  course,  be 
equally  well  used  in  this  lamp. 

I  trust  that  the  suggestion  of  a  joint 
committee  to  discuss  the  whole  question 
of  lighting  in  mines  and  its  effect  on  eye- 
sight will  be  carried  into  effect.  As  the 
subject  would  naturally  require  prolonged 
investigation,  and  as  new  factors  are 
continually  being  introduced,  such  a 
committee  ought  to  be  of  a  permanent 
character.  There  are  also  other  questions 
relating  to  the  use  of  electric  lamps  in 
mines  which  ought  to  be  authoritatively 
settled,  for  the  assistance  of  lamp-makers 
and  the  guidance  of  users.  Amongst 
these  are  the  purity  of  the  acid  and  also 
of  the  water  used  in  filling  cells,  and  the 
conditions  of  charging  (especially  the 
limitation  of  the  charging  voltage,  which 
has  in  some  cases  been  responsible  for 
fires).  Such  matters  as  these  ought  also 
to  fall  within  the  scope  of  an  advisory 
committee  on  mine-lighting  whose  re- 
commendations would  carry  weight ;  at 
present  makers  of  electric  lamps  find  it 
difficult  to  secure  that  good  practice  is 
adhered  to.  with  consequent  prejudice  to 
the  life  of  batteries,  and  to  the  available 
light  during  a  shift.  It  is  important  also 
that  the  electric  lamps  should  be  placed 
in  a  separate  lamp  cabin,  or  room,  and 
not  in  the  same  room  as  the  oil  lamps. 

I  have  made  forms  of  lamps,  both 
with  the  ordinary  cylindrical  chimney, 
allowing  light  to  pass  in  all  directions, 
and  inspection-lamps,  in  which  the  light 
is  mainly  concentrated  over  a  smaller 
area,  by  means  of  special  reflector  and 
lens.  The  latter  form  commends  itself 
to  inspectors,  but  I  have  found  that,  in 
spite  of  the  much  higher  local  illumination 
available,  miners  prefer  the  lamp  giving 
general  lighting.  In  this  and  other 
matters  it  is  only  right  to  be  guided 
largely  by  the  actual  experience  of  the 
miner  in  his  work. 
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Contribution  from  Dr.  M.  Stassen  of 
Liege. 

We  have  received  from  Dr.  M.  Stassen, 
who  has  had  exceptional  experience  of 
the  conditions  in  mines  in  the  areas  in 
the  vicinity  of  Liege  (Belgium) — both 
coal  and  metalliferous — some  very  full 
and  comprehensive  data  on  miners' 
nystagmus,  which  form  a  most  valuable 
supplement  to  the  paper  by  Dr. 
Llewellyn. 

Dr.  M.  Stassen  has  dealt  with  the 
whole  subject  very  completely  in  his 
book,*  and  has  also  sent  us  a  more  recent 
contribution  which  appeared  in  the  Bulletin 
of  the  Societe  Beige  d 'Ophthalmologic . 

While  it  is  impossible  to  do  more  than 
give  a  very  brief  summary  of  these  com- 
prehensive data,  we  propose  first  to  give 
some  idea  of  the  data  bearing  on  illumina- 
tion and  eyesight  in  Dr.  Stassen' s  book, 
and  then  to  refer  to  this  supplementary 
communication. 

In  his  work  on  "  La  Fatigue  de  l'Ap- 
pareil  visuel  chez  les  Ouvriers  Mineurs," 
Dr.  Stassen  gives  the  results  of  investi- 
gations on  14,000  workers,  including 
7,925  who  were  examined  when  descend- 
ing and  ascending  from  the  mine,  i.e., 
before  and  after  work.  A  fact  of  special 
interest  is  the  recognition  of  typical 
cases  of  nystagmus  amongst  workers 
in  iron  and  zinc  mines  who  have  never 
worked  in  coal  mines,  thus  disposing  of 
the  suggestion  that  nystagmus  is  neces- 
sarily connected  only  with  the  working 
of  coal.  The  very  large  number  of 
factors  affecting  vision  are  discussed 
(such  as  age,  influence  of  heredity, 
period  of  employment,  nature  of  work, 
dimensions  of  galleries,  etc.)  and  a 
distinction  is  drawn  between  cases  in 
which  defective  illumination  was  judged 
to  be  practically  the  sole  cause  of  nystag- 
mus, and  cases  in  which  the  special 
nature     of     the     work,    occasioning    ab- 


*  "  La  Fatiqne  de  I'Appareil  chez  les  Ouvriers 
Mineurs,"'  by  Dr.  Iff.  Stassen  (Liege,  1914-1919). 


normal  elevation  of  the  eyes,  or  otherwise 
causing  visual  fatigue,  was  also  a  contri- 
butory factor. 

In  the  case  of  182  workers  examined  in 
zinc  mines  nine  showed  oscillatory 
movements  of  the  eyes,  and  these  were 
men  who  for  several  years  had  used  oil 
lamps  and  candles.  On  the  other  hand, 
those  workers  who  had  always  used 
acetylene  lamps  showed  no  sign  of  these 
effects.  In  connection  with  coal  mines 
an  interesting  fact  recorded  is  that  the 
cases  of  nystagmus  were  at  least  twice  as 
numerous  in  men  who  went  underground 
for  the  day-shift  as  compared  with  those 
who  entered  the  mines  at  night. 
Statistics  relating  to  mines  using  respec- 
tivelv  candles  and  oil  lamps  and  electric 
lamps  showed  that  where  the  illumination 
had  been  improved  the  percentage  of 
cases  of  nystagmus  was  materially 
less,  and  that  where  efficient  portable 
electric  lamps  had  been  introduced  the 
affection  had  become  less  serious,  although 
it  had  not  yet  disappeared.  The  con- 
clusion is  drawn  from  a  very  large  number 
of  data  : — 

'"  Inadequate  lighting  in  mines  can 
thus,  by  itself,  give  rise  to  '  jerkiness  ' 
of  vision  (secousses  oculaires).  Workers 
operating  by  inadequate  illumination 
from  safety  lamps  show  a  notable  pro- 
portion (more  than  10  per  cent  )  of  cases 
of  nystagmus,  whereas  workers  in  the 
same  categorv.  receiving  light  for  more 
than  one  vear  from  incandescent  electric 
lamps  (32  candle  power)  show  no  signs  of 
such  jerkiness  of  movement  of  the  eyes." 
(This  relates  to  cases  in  which  defective 
illumination  was  considered  to  be  the 
sole  cause  responsible  for  nystagmus.) 
Another  group  of  observations  relates 
to  cases  where  the  nature  of  the  work 
imposes  special  strain  on  the  elevating 
muscles  of  the  eye.  but  even  here,  when 
the  conditions  of  illumination  are  satis- 
factorv  (e.g.,  acetylene  lamps  with 
reflectors  fixed,  incandescent  lamps  on 
electric  supply,  etc.).  cases  of  nystagmus 
are  not  met. 
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A  description  is  given  of  some  of  the 
chief  forms  of  miners'  lamps,  and  the 
following  instructive  conclusions  are 
drawn  : — 

"  An  improvement  in  conditions  of 
illumination  exercises  a  favourable 
influence  on  the  frequency  and  evolution 
of  nystagmus  in  miners.  All  visual 
troubles  amongst  miners  diminish  more 
and  more  in  proportion  to  the  improve- 
ment in  conditions  of  illumination  at  the 
bottom  of  the  mine. 

Thus  :— 

(1)  The  number  of  grave  cases  of 
nystagmus,  complicated  by  general 
nervous  trouble,  may  be  estimated  at : — 

35  per  10,000  workers  making  use  of 
safety  oil  lamps  (lampes  de  surete  a 
l'huile  grasse). 

12  per  10,000  amongst  workers 
operating  for  three  years  by  safety 
benzine    lamps. 

8  per  10,000  amongst  workers  operat- 
ing for  two  years  by  portable  electric 
lamps. 

0  amongst  workers  making  use  of 
candles  of  naked  flame  lamps. 

(2)  The  number  of  cases  of  pronounced 
nystagmus  (visual  oscillations  hori- 
zontally or  a  few  degrees  below  the 
horizontal)    is  :■ — 

57  per  1,000  workers  using  oil 
lamps. 

44  per  1,000  using  benzine  lamps 
for  three  years. 

13  per  1,000  workers  making  con- 
tinuous use  of  candles  or  lamps  with 
naked  flames. 

12  per  1,000  workers  making  use, 
for  two  years,  of  portable  electric 
lamps,  i 

0  per  1,000  workers  making  use  for 
two  years  of  acetylene  lamps  with 
reflectors. 

(3)  As  regards  day-shift  workers,  in 
the  various  coal  mines  visited  we  have 
noted  : — 

31  per  cent,  of  cases  of  nystagmus 
amongst  workers  using  safety  oil 
lamps. 

21  per  cent,  amongst  workers  who 
have  used  benzine  lamps  for  about 
two  years. 

15"  4  per  cent,  amongst  workers 
who  have  used  electric  lamps  for 
about  two   vears 


0  per  cent,  of  cases  of  nystagmus 
amongst  various  types  of  workers 
whose  employments  were  such  as  to 
enable  incandescent  electric  lamps  of 
32  and  64  candlepower  to  be  used. 

Thanks  to  the  use  of  acetylene  lamps 
with  reflectors,  the  disappearance  of 
nystagmus  is  an  accomplished  fact  in 
metalliferous  mines. 

In  his  supplementary  communication 
to  the  Societe  Beige  (V 'Ophthalmologic  Dr. 
Stassen  recalls  the  discovery  of  cases  of 
nystagmus  in  the  iron  and  zinc  mines 
mentioned  above,  and  remarks  that 
these  mines  were  formerly  lighted  by 
naked  flame  oil  lamps,  the  conditions 
being  thus  similar  to  those  formerly 
existing  in  "  safe  "  coal  mines.  Unfor- 
tunately, the  fact  that  acetylene  and 
electric  lamps  have  been  generally  intro- 
duced  into  such  mines  makes  it  difficult 
to  trace  the  prevalence  of  nystagmus  in 
such  mines  under  the  old  conditions. 
However,  in  an  iron  mine  in  the  Sol 
district,  where  acetylene  lamps  have 
been  in  use  for  only  two  years,  three 
cases  of  fairly  pronounced  nystagmus 
were  rediscovered.  One  of  these  subjects 
described  his  symptoms  during  the 
period  when  he  worked  by  candles.  He 
found  great  difficulty  in  finding  his  way 
in  the  evening  on  leaving  his  house  ; 
bright  lights,  when  suddenly  exhibited. 
appeared  to  dance  before  his  eyes. 
When  acetylene  lamps  were  introduced, 
he  accordingly  found  some  difficulty  in 
getting  used  to  the  new  and  brighter 
light,  and  at  first  he  could  actually  see 
less  well  by  its  aid  than  by  candles. 
But  this  period  of  transition  passed , 
the  sensation  of  glare  diminished,  and 
the  tendency  to  visual  oscillations  grew 
less.  The  condition  of  his  eyes  improved 
generally,  until  to-day  the  only  trouble 
he  finds  is  a  momentary  sensation  of 
dazzle  when  leaving  the  cage  after 
ascending  the  mine  and  coming  to  bright 
sunlight.  This  case  is  emphasised  as 
completely  bearing  out  the  conclusion 
that  prolonged  work  in  badly  lighted 
galleries  is  in  itself  sufficient  explanation 
of  nystagmus.  Further  investigations 
in  iron  and  zinc  mines  have  shown  that 
no  cases  of  nystagmus  have  been  met 
where  workers  have  always  used  acetylene 
lamps ;     on   the   other   hand,    cases   are 
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rediscovered  amongst  those,  the  older 
workers,  who  formerly  worked  for 
a  long  time  by  candles,  although  the 
affection  was  relatively  slight  when 
acetylene  lamps  had  since  been  used  for  a 
relatively  long  period.  Thus,  workers 
who  had  formerly  contracted  pronounced 
nystagmus  in  coal  mines  found  that 
their  affection  diminished,  and  ultimately 
disappeared  after  they  had  been  engaged 
for  several  years  (the  statistics  cover  a 
period  of  six  years)  in  metalliferous  or 
phosphate  mines  where  acetylene  lighting 
is   in   use. 

In    works   in    which    acetylene    lamps 
have    been    in    use    for   ten   years,    and 


in  areas  where  work  has  proceeded 
for  at  least  three  years  by  fixed  electric 
lamps  of  32  and  64  candlepower,  no 
new  cases  of  miners'  nystagmus  have 
been  observed. 

The  author  concludes  by  remarking : 
'"  We  are  persuaded  that  miners'  nystag- 
mus is  simply  merely  a  symptom  of 
nervous  affection,  arising  from  the  visual 
fatigue  imposed  by  working  under  con- 
ditions   of    inadequate    illumination."' 

The  accompanying  table  (p.  105),  sum- 
marising the  characteristics  of  the  chief 
available  miners'  lamps,  together  with 
data  regarding  the  prevalence  of  nvstag- 
mus,  is  appended. 


Dr.    T.    Lister    Llewellyn,    in    reply  : 

I  must  congratulate  the  Society  on  the 
very  full  discussion  and  hope  that  the 
practical  outcome  will  be  the  formation 
of  the  committee  which  Mr.  Cridland  and 
Mr.  Gaster  advocate.  Mr.  Elworthy 
rightly  draws  our  attention  to  the  quality 
as  well  as  the  quantity  of  the  light 
required.  Since  the  meeting.  I  have 
repeated  some  of  his  experiments,  and  am 
in  general  accord  with  his  results  :  that 
the  electric  lamp  gives  out  twice  the 
amount  of  blue  rays  as  a  candle  or  oil 
flame,  and  that  the  blue  rays  alone  pro- 
duce discomfort  and  fatigue  of  the  eyes. 
I  do  not  quite  agree  with  his  deductions. 
In  practice  the  blue  rays  are  never  met 
with  alone,  and  I  do  not  think  his  "  in- 
curable cases  "  are  the  result  of  ultra 
violet  burns.  His  own  figures  show  a 
great  improvement  in  the  incidence  of 
nystagmus  since  the  introduction  of 
electric  lamps.  It  is  true  that  he  lays 
great  stress  on  the  improvement  of  venti- 
lation, but  on  this  point  the  statement  of 
Dr.  Haldane,  who  has  paid  so  much 
attention  to  this  subject,  must  carry  more 
weight. 

To  take  his  own  figures  ;  in  the  first 
table  the  average  surface  brightness  of  the 
three  pits  given  is  00005.  Assume  that 
10  per  cent,  blue  rays  are  reflected,  this 
would  be  0-00005.  Which  would  seem  the 
more  likely  to  cause  disease,  the  positive 
effect  of  blue  rays  of  this  power,  or  the 
negative  effect  of  working  in  such  a  feeble 
illumination  as  0"0005  foot-candle  ?     It 


is  undoubtedly  much  easier  to  look  at  a 
candle-flame  than  at  an  electric  lamp  of 
the  same  candle-power.  This  is  due  to 
the  greater  luminosity  of  the  wire  loop 
compared  with  the  candle-flame  of  the 
same  total  luminosity  spread  over  an 
area  a  thousand  times  as  great.  If  you 
throw  the  light  from  a  standard  candle 
and  electric  lamp  of  1  candlepower  on  a 
white  surface,  screening  both  lights,  all 
sense  of  discomfort  is  lost.  If  you  can 
only  get  a  diffused  light  or  prevent  the 
light  from  falling  directly  into  the  eyes, 
the  electric  light  is  as  comfortable  to  work 
with  as  a  candle.  It  is  possible  or  even 
probable,  and  the  remarks  of  Miss  Sayer 
and  the  exhibition  of  the  Joel-Fors 
lamp  bear  this  out,  that  the  introduc- 
tion of  a  suitable  light  filter  would  be 
beneficial. 

Dr.  Haldane  will  be  interested  to  hear 
that  his  suggestions  for  the  pathology  of 
the  disease  are  those  put  forward  so  ably 
by  Dr.  Stassen  who  speaks  of  the  "  Fatigue 
of  the  Visual  Apparatus  of  Miners."  Dr. 
Stassen's  book  is  well  worth  perusal,  and 
the  table  I  have  extracted  from  his  book 
shows  the  importance  he  attaches  to  the 
influence  of  light.  On  p.  166  he  says  he 
has  arrived  at  the  conviction  "  que  la 
cause  necessaire  et  suffisante  des  troubles 
visuels  des  ouvriers  est  le  travail  prolonge 
dans  de  mauvaises  conditions  d'eclai- 
rage."  He  has  also  suggested  the  use  of 
uranium  yellow  glass,  and  says  that  some 
of  the  men  place  paper  between  the  bulb 
and  glass  of  their  lamp. 
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Mr.  Armitage's  figures  are  very  in- 
teresting, and  also  his  remarks  about  the 
saving  of  time  while  getting  away  from 
the  pit  bottom.  This  is  especially  true 
when  the  main  roads  have  been  white- 
washed. This  point  has  also  been  referred 
to  by  Mr.  Fudge,  and  measurements  I 
have  taken  lately  show  that  the  light 
reflected  from  a  road  which  has  been 
stone  dusted  is  two  to  three  times  that 
reflected  from  an  untreated  road  near 
the  coal  face. 

It  is  only  too  true,  as  Mr.  Hailwood 
points  out,  that  the  statistics  of  miners' 
nystagmus  are  not  always  consistent,  but 
great  care  is  required  in  shifting  the 
evidence  obtained.  The  increase  in  the 
number  of  cases  from  1907,  which  was  the 
first  year  when  compensation  was  paid, 
is  largely  due  to  the  increased  knowledge 
of  the  disease.  The  loss  of  coal  output 
is  real,  and  although  the  number  of  men 
now  employed  is  greater  than  before  the 
war,  owing  to  the  shorter  hours,  the  nett 
result  is  a  shortage  of  men  painfully 
obvious  when  the  coal  output  of  the 
country  is  compared  with  pre-war  years. 
The  men  lost  are  the  skilled  men,  and  the 
coal  getter  is  a  highly-trained  workman, 
who  cannot  be  replaced  by  any  Tom, 
Dick  or  Harry  the  manager  is  able  to  lay 
his  hands  on.  With  regard  to  the  safety 
of  the  cap  lamp,  it  is  quite  true  to  say 
that  the  lamp  is  not  absolutely  safe — 
but  what  lamp  is  ?  Certainly  not  the  oil 
lamp  which  is  vulnerable  in  all  directions. 


The  cap  lamp  is  only  a  two-volt  lamp,  and 
the  probability  of  ignition  of  gas  from 
breaking  of  the  cable  is  very  remote. 

One  of  the  points  which  Mr.  Hailwood 
makes  is  that  the  miner  does  not  give 
his  lamp  the  attention  it  requires.  This 
is  quite  true,  and  combustion  lamps 
especially  require  much  care  and  attention 
which  the  collier  will  not  give.  Surely 
this  is  one  of  the  best  arguments  for 
the  introduction  of  the  electric  lamp. 
The  glass  difficulty  to  which  the  speaker 
also  refers  is  a  very  serious  one,  apply- 
ing both  to  the  oil  and  electric  lamp 
manufacturers. 

Mr.  D.  L.  Da  vies  says  that  defective 
lighting  has  never  produced  nystagmus  in 
other  conditions  than  coal  mining.  .Seam- 
stresses working  on  urgent  mourning 
orders  have  developed  temporary  nystag- 
mus. Dr.  Collie  (quoted  in  Thompson's 
"  Diseases  of  Occupation  ")  found  28  per 
cent,  of  516  female  sewing  machinists 
suffering  from  slight  nystagmus.  Stassen 
has  found  nystagmus  in  zinc  workers.  I 
cannot  accept  his  theory  of  chronic 
poisoning — the  air  in  mines  is  remarkably 
pure,  and  its  chemical  composition  has 
been  worked  out  fully  by  Dr.  Haldane 
and  other  observers. 

The  strain  and  stress  of  modern  war- 
fare, as  Pooley  and  Harford  point  out, 
converted  many  latent  cases  of  nystagmus 
into  the  manifest  disease.  I  saw  several 
cases  in  France  in  1915-17.  My  figures 
with  regard  to  the  seasonal  prevalence  of 


108 


THE  ILLUMINATING  ENGINEER  (march,   1920) 


the  disease  are  based  on  the  total  number 
of  cases  only,  but  as  almost  all  my  cases 
come  from  steam  coal  pits,  the  remark^ 
of  Mr.  Cridland  about  the  short  working 
period  of  the  house  coal  pits  in  summer 
do  not  apply.  It  may  interest  Mr.  Crid- 
land to  have  my  results  up  to  the  end  of 
March,  1920.  First  quarter  353,  second 
226,  third  222,  and  fourth  quarter  3H. 
"  Safety "  acetylene  lamps  have  been 
tried,  but  were  found  so  dangerous  that 
their  use  has  been  forbidden.  Sir  Josiah 
Court,  who  must  be  pleased  at  the  general 
acceptance  of  his  views,  must  have  used 
a  cap  lamp  with  a  bull's  eye  lens.  If  a 
plain  bevel  glass  is  used  the  area  of 
illumination  is  very  large. 

Mr.  Welch  asks  me  for  the  incidence 
of  nystagmus  in  America.  I  cannot  give 
any  figures,  but  the  disease  is  very  un- 
common, and  there  is  no  American 
literature  on  the  subject  except  an  able 
review  by  Hoffman  (Bull  Xo.  93,  Bureau 
of  Mines,  U.S.A.).  Mr.  Welch's  BUgg 
tion  of  using  white-washed  screens  is  well 
worth  a  trial. 

Mr.  Xettleton  asks  for  the  number  of 
men  working  in  pits  :  A  and  B,  table  V. 
pit  A,  600  men;  pit  B,  200  men.  The 
conditions  of  work  were  exactly  similar, 
the  same  seam  was  being  worked,  and 
the  pits  were  only  a  mile  or  two  apart. 
The  output  in  tons  by  the  colliers  in  B  was 


5  per  cent,  greater  per  man  than  in  A. 
I  stated  at  the  meeting  that  the  numbers 
were  too  small  to  draw  permanent  con- 
clusions. The  test  had,  however,  been 
going  on  for  five  years. 

To  summarise — while  there  is  a  con- 
sensus of  opinion  that  miners'  nystagmus 
is  due  to  deficient  light,  some  observers 
hold  that  there  are  other  important  and 
possibly  unknown  factors  at  work.  There 
is,  however,  no  difference  of  opinion  in  the 
view  that  the  lighting  conditions  of  the 
coal  mine  need  improvement.  The  stan- 
dard I  suggest  as  a  minimum  is  that  of 
the  open  light  pit,  which  is  about  five 
times  as  great  as  that  obtaining  in  the 
safety  light  pit.  To  obtain  similar  illu- 
mination you  must  either  introduce  a 
safety  lamp  of  3  to  4  candlepower  or  bring 
the  light  nearer  the  working  area  by  the 
use  of  a  cap  lamp.  Many  speakers  think 
a  cap  lamp  will  be  unpleasant  to  work 
with  and  .impracticable,  but  there  are 
over  200.000  of  these  lamps  in  use  in 
America  and  giving  satisfaction.  I  think 
it  will  be  found  much  safer  than  the  oil 
lamp,  and  its  advantages  from  the  point 
of  view  of  illumination  are  incontrover- 
tible. It  may  be  that  the  use  of  a  light 
filter  will  help  in  the  prevention  of  eye- 
strain. The  more  extended  use  of  white- 
washing and  stonedusting  will  almost 
solve  the  problem  in  the  road-ways. 


THE  GLASGOW  LIGHTING 
ASSOCIATION. 

Readers  will  be  interested  to  hear  of  the 
formation  of  the  Glasgow  Lighting 
Association,  under  the  Honorary  Presi- 
dency of  Mr.  S.  B.  Langlands,  Public 
Lighting  Inspector  to  the  City  of  Glasgow, 
who  is  also  a  member  of  the  Illuminating 
Engineering  Society.  The  Acting-Presi- 
,dent  is  Mr.  J.  F.  Colquhoun,  and  the 
Secretary  Mr.  J.  Ward  (20,  Trongate, 
Glasgow).  We  have  received  a  copy  of  the 
syllabus  of  papers  for  1920,  which  includes 
papers  on  "  Photometry "  by  Mr.  E. 
Stewart,   on   "  Illuminating   Engineering 


Glassware  "  by  Mr.  J.  Mitchell,  and  on 
"  Incandescent  Gas  Mantle  Manufacture  " 
by  Mr.  W.  Scott.  Other  items  of  interest 
include  a  visit  to  the  generating  station 
of  the  Electricity  Department  of  the 
City  and  to  various  works  in  the  vicinity. 
There  are  also  papers  on  "  Brass  Cast- 
ings," "  Electricity,"  "  Electric  Wiring 
on  Stairs,"  etc.,  and  we  note  that  the 
presidential  address  will  be  delivered  on 
December  15th. 

Members  of  the  Illuminating  Engineer- 
ing Society  will  join  us  in  wishing  success 
to  this  new  body  in  disseminating  the 
principles  with  which  this  Society  is 
identified. 
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EDITORIAL. 

Motor-car  Headlights  in  relation  to  Traffic  Requirements. 

The  design  and  use  of  motor-car  headlights  has  been  discussed  on 
various  occasions  before  the  Illuminating  Engineering  Society,  notably  in 
the  paper  contributed  by  Dr.  H.  R.  B.  Hickman  in  1911.  In  July,  1909, 
a  series  of  tests  was  carried  out  by  the  Royal  Automobile  Club,  while  in 
1912  and  1913  experiments  were  conducted  by  the  National  Physical 
Laboratory  at  the  request  of  the  Local  Government  Board.  In  this  country 
the  matter  was  still  under  consideration  at  the  outbreak  of  war,  but  during 
the  ensuing  five  years  conditions  were  naturally  abnormal,  special  regula- 
tions prescribing  the  dimming  of  headlights  and  the  diminution  of  public 
lighting  being  introduced  for  military  reasons.  It  is  only  now  that  we  are 
free  to  consider  the  question  again  in  its  normal  aspect. 

The  discussion  before  the  Illuminating  Engineering  Society  on  March 
30th  was  therefore  timely,  especially  in  view  of  the  recent  issue  of  the  interim 
report  of  the  Committee  now  sitting  under  the  Ministry  of  Transport.  Our 
thanks  are  due  to  Mr.  J.  W.  T.  Walsh  for  opening  this  discussion  at  somewhat 
short  notice.  His  introductory  paper,  which  is  presented  in  this  issue 
(pp.  114-118),  contains  a  useful  survey  of  the  situation,  and  is  concluded  by 
a  series  of  questions  which  provide  an  excellent  starting-place  for  further 
investigations.  The  experience  of  the  United  States,  which  was  free  from 
the  abnormal  circumstances  arising  from  visits  of  hostile  aircraft  during 
the  war,  is  interesting  at  the  present  moment.  Progress  in  that  country  is 
briefly  summarised  by  Mr.  Walsh,  and  Dr.  C.  H.  Sharp  has  also  favoured  us 
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with  a  copy  of  a  recent  paper  by  himself  and  Mr.  Little,  which  brings  the 
available  information  up  to  date. 

The  solution  of  the  problem  involves  a  compromise  between  several 
distinct  and  generally  conflicting  factors.  On  the  one  hand  we  have  the 
requirement  of  the  driver,  who  needs  a  powerful  beam  of  light  to  enable 
him  to  perceive  approaching  persons,  vehicles,  or  obstacles  on  the  road  ; 
on  the  other  hand,  we  have  the  experience  of  the  driver  or  pedestrian 
facing  an  approaching  motor-vehicle  whose  eyes  are  apt  to  be  dazzled  by 
glare  from  the  approaching  headlight.  Opinion  seems  to  have  fluctuated 
between  these  two  elements.  At  the  time  of  the  tests  at  the  Crystal  Palace 
attempts  were  being  made  to  increase  the  power  of  the  beam  ;  subsequent 
progress  in  the  design  of  lamps  and  reflectors,  however,  has  enabled  con- 
siderably higher  beam-candlepowers  to  be  developed.  Accordingly  recent 
attempts  to  frame  regulations,  especially  in  the  United  States,  seemed  to 
be  concerned  chiefly  with  the  avoidance  of  excessive  glare.  The  inquiry 
conducted  by  the  Illuminating  Engineering  Society  in  the  United  States  was 
a  scientific  attempt  to  reconcile  the  claims  of  drivers  and  pedestrians  and 
its  conclusions  were  adopted  by  various  States.  It  is  hoped  that  eventually 
regulations  suitable  for  uniform  adoption  throughout  the  United  States 
will  be  reached. 

From  the  evidence  available  we  find  a  general  recognition  of  the  need 
for  a  minimum  beam-candlepower  (variously  fixed  at  1,200 — 4,800  candles) 
in  order  to  enable  the  driver  to  recognise  a  substantial  object  on  the  roadway 
in  time  to  pull  up  his  car.  It  is  also  agreed  (although  it  may  be  difficult 
to  define  this  requirement  by  regulations)  that  the  majority  of  the  light 
should  be  concentrated  below  the  level  of  the  eyes  of  both  drivers  and  pedes- 
trians— say  3 \  or  4  ft.  above  the  level  of  the  roadway.  There  are  other 
factors,  such  as  the  provision  of  a  sufficient,  though  diffused,  light  at  the  side 
of  the  car,  which  should  be  embodied  in  the  ideal  headlight.  As  appears 
from  Captain  Stroud's  contribution  to  the  discussion,  headlights  have 
been  designed  which  meet  these  conditions  with  considerable  success, 
and  in  these  cases  the  liability  to  glare  is  doubtless  materially  diminished. 

Experience  already  available  thus  offers  a  useful  guide  to  designers  of 
headlights,  but  the  framing  of  regulations  expressing  these  requirements 
requires  care,  and  they  should  enable  the  large  number  of  headlights  at 
present  being  used  by  motorists  in  this  country  to  be  readily  converted, 
so  as  to  do  what  is  needed.  It  is  naturally  difficult,  even  for  a  trained 
observer,  to  decide  by  looking  at  a  passing  car  whether  its  lights  comply 
with  regulations,  and  it  might  be  easier  to  specify  certain  laboratory  tests 
to  be  complied  with  by  the  lights  of  any  driver  desiring  a  licence.  Appeal 
could  be  made  to  accredited  laboratories  for  a  verification  test  in  any 
suspected  case. 

We  should  like  to  emphasise  strongly  the  desirability  of  uniformity  of 
action  throughout  the  country.  We  are  glad  to  observe  that  the  committee 
sitting  under  the  Ministry  of  Transport  has  the  matter  in  hand.  The 
framing  of  suitable  regulations  cannot  be  settled  merely  by  interchange  of 
opinion.  Exhaustive  tests,  with  different  types  of  headlights,  must  be 
made  under  official  supervision  under  varied  conditions  of  traffic  and 
climatic  circumstances,  and  the  results  recorded  and  analysed  by  experts. 
The  Committee  naturally  desire  to  be  fully  informed  before  taking  action, 
and  we  need  hardly  say  that  the  Illuminating  Engineering  Society  will  be 
glad  to  be  of  any  further  assistance  in  connection  with  their  inquiries  and 
experiments. 
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Street  Lighting  and  Motor  Traffic. 

Whatever  means  be  adopted  for  securing  the  requisite  beam-candle- 
power  and  diminishing  possible  glare,  both  factors  are  much  influenced  by 
the  nature  of  the  street  lighting  provided.  In  a  well-lighted  street  the 
contrast  between  a  headlight  and  the  brightness  of  surrounding  objects 
is  much  less  than  in  a  dark  country  lane  ;  and  at  the  same  time  the  need 
for  a  powerful  beam  is  also  less,  because  the  public  lighting  enables  objects 
to  be  perceived  with  more  or  less  ease.  It  may  therefore  be  justly  urged 
that  public  lighting  and  regulations  for  automobile  headlights  should  be 
dealt  with  conjointlv.  It  has  been  suggested  that  when  entering  well- 
lighted  areas  drivers  should  diminish  the  power  of  their  headlights  or  even 
extinguish  them  altogether.  But  in  order  that  this  practice  may  be  general 
there  should  be  a  more  uniform  standard  of  public  lighting,  according  to 
the  nature  of  the  street,  not  only  in  London  but  throughout  the  entire 
country.  We  have  often  drawn  attention  to  the  inequalities  in  lighting  in 
the  London  area,  served  as  it  is  by  a  number  of  distinct  authorities,  each 
adopting  its  own  methods  for  lighting  streets — a  condition  that  leads  to 
contrasts  in  illumination  such  as  greatly  interfere  with  the  safety  and  con- 
venience of  motor-traffic. 

The  London  "  Safety  First  "  Council  have  marked  their  appreciation 
of  this  point  by  a  special  recommendation,  that  a  change  in  the  brightness 
of  illumination,  whether  in  passing  from  a  side  street  to  a  main  thoroughfare, 
from  one  urban  district  to  another,  or  from  the  country  to  the  immediate 
vicinity  of  a  large  town,  should  proceed  gradually,  by  stages,  so  that  the  eye 
is  not  distracted  by  any  sudden  change  in  brightness. 

The  functions  of  public  lighting  are  already  different  from  what  they  were 
a  few  years  ago.  At  the  present  day  the  safeguarding  of  fast-driven  motor- 
traffic  has  become  the  primary  function  of  street  lighting.  In  addition  to 
the  observance  of  the  principles  outlined  above,  authorities  can  do  a  great 
deal  to  aid  the  safety  of  traffic  by  adopting  various  supplementary  devices 
e.g.,  the  provision  of  adequate  illuminated  warning  signals,  indications  of 
crowded  crossings,  sudden  turns,  etc.  We  record  with  pleasure  the  valuable 
work  that  the  London  "  Safety  First  "  Council  has  done  in  this  direction, 
and  we  could  wish  that  similar  efforts  were  being  made,  on  a  co-ordinated 
plan,  in  all  the  chief  cities  and  arterial  thoroughfares  in  this  country. 

We  have  previously  pointed  out  that  the  supervision  of  street  lighting 
is  a  national  and  not  a  parochial  matter,  and  we  hope  that  this  matter  will 
likewise  receive  attention  from  the  Ministry  of  Transport,  with  a  view  to 
the  ultimate  attainment  of  uniform  methods  in  street  lighting  in  relation 
to  traffic  conditions.  In  the  work  of  the  Road  Board  we  already  see  a 
recognition  that  the  upkeep  of  the  main  thoroughfares  of  the  country  is  a 
national  question.  A  portion  of  the  funds  derived  from  the  taxation  of 
motor-vehicles  is  understood  to  be  applied  to  the  maintenance  of  roads. 
It  seems  reasonable  that  some  of  this  income  should  also  be  allotted  to  the 
improvement  of  lighting.  This  step,  by  enabling  headlights  to  be  dispensed 
with  in  well-lighted  areas,  would  afford  the  motorist  a  compensating  economy 
towards  recouping  him  for  his  contribution  in  the  form  of  taxes.  We  have 
little  doubt  that  in  this  case  also  motorists  would  be  prepared  to  bear  a  fair 
share  of  improvements  made  for  their  benefit. 

B  2 
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Statistics  of  Industrial  Lighting. 

In  dealing  with  industrial  lighting  we  have  often  commented  on  the 
need  for  statistical  information,  showing  by  actual  facts  and  figures  its 
advantages  in  the  interests  of  health,  safety  and  efficiency  of  work.  These 
advantages  are  admitted  in  general  terms,  but  there  are  some  who  can  only 
be  influenced  by  concrete  information  of  actual  performance  in  practice,  or 
alternatively  by  the  presentation  of  the  views  of  others  showing  that  the 
arguments  for  better  lighting  advanced  are  generally  accepted. 

We  are  presenting  in  this  number  (pp.  131-133)  a  most  interesting 
investigation  of  this  nature  undertaken  bv  Mr.  R.  O.  Eastman  in  fifteen 
States  in  America.  The  inquiry,  in  the  main,  followed  the  second  method 
of  procedure,  i.e.,  it  attempted  to  elicit  views  as  to  the  desirability  of  good 
industrial  lighting  and  to  ascertain,  in  cases  where  adequate  illumination 
had  not  vet  been  introduced,  the  reason  for  this  omission.  The  results  are 
assembled  in  a  convenient  diagrammatic  form.  We  find,  for  example,  that 
of  those  interviewed  44" 5  per  cent,  were  well  informed  regarding  industrial 
lighting,  36*4  per  cent,  vaguely  informed,  and  20' 1  per  cent,  not  informed. 
Further,  that  554  per  cent,  of  managers  agreed  that  good  lighting  was  vitally 
important,  31/6  per  cent,  considered  it  moderately  important,  and  only  13 
per  cent,  of  little  importance.  This  on  the  whole  seems  encouraging, 
as  indicating  a  much  higher  level  of  appreciation  of  the  advantages  of  good 
illumination  than  prevailed,  say,  ten  years  ago.  There  is,  however,  obviously 
room  for  further  propaganda,  especially  among  the  20 *i  per  cent,  of  persons 
uninformed  regarding  efficient  industial  lighting.  This  is  further  emphasised 
by  an  inquiry  into  the  reasons  offered  for  failure  to  provide  proper  lighting. 
Approximately  70  per  cent,  of  these  consumers  professed  to  be  satisfied 
with  existing  conditions,  and  thus  required  enlightenment  as  to  the  real 
nature  of  thoroughly  efficient  illumination. 

The  most  interesting  diagram,  however,  is  that  showing  the  nature  of 
the  appreciation  of  the  benefits  of  good  illumination.  The  most  influential 
factor  was  clearly  increase  in  production  due  to  better  lighting,  which  was 
admitted  by  approximately  80  per  cent,  of  those  interviewed.  Next  came 
"  decrease  of  spoilage,"  accepted  by  70  per  cent.  After  this  followed  "  pre- 
vention of  accidents,"  "  improvement  in  discipline,"  and  "  improvement  in 
hygienic  conditions,"  in  the  proportions  of  60,  50,  and  40  per  cent.  To 
our  mind  these  figures  afford  evidence  of  a  striking  appreciation  of  the 
benefits  of  improved  illumination. 

While  necessarily  expressed  in  general  terms  the  inquiry  represents 
an  enterprising  effort  to  find  out  the  state  of  public  opinion  in  regard  to 
industrial  lighting,  and  the  results  should  afford  some  useful  hints  to  salesmen 
of  lighting  appliances.  We  commend  the  idea  to  the  consideration  of  firms 
interested  in  lamps  and  lighting  accessories  in  this  country,  and  we  should 
like  to  see  similar  methods  applied  to  other  branches  of  statistics,  e.g.,  those 
relating  to  accidents  due  to  inadequate  lighting.  We  may  point  out,  how- 
ever, that  in  this  case  it  is  vital  that  data  should  be  collected  on  a  uniform 
basis  and  that  the  assumptions  made  in  drawing  conclusions  should  be 
clearly  understood.  We  hope  that  in  future  this  important  statistical  branch 
of  illuminating  engineering  will  be  a  subject  to  international  co-operation, 
so  that  conditions  in  various  countries  can  be  properly  compared. 

Leon  Gaster. 
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TRANSACTIONS 

OF 

Zbc  Jllumtnating  Engineering  Society 

(Founded  in  London,  1909). 

The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


MOTOR-CAR    HEADLIGHTS    AND    REARLIGHTS    IN 
RELATION    TO    TRAFFIC    REQUIREMENTS. 

(Proceedings  at  a  meeting  of  the  Society,  held  at  the  House  of  the  Royal  Society  of  Arts, 
18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.,  on  Tuesday,  March  30th,  1920.) 


A  meeting  of  the  Society  took  place  as 
stated  above,  the  Chair  being  taken  by 
Lieut.-Col.  F.  A.  Cortez  Leigh. 

The  Minutes  of  the  last  meeting  having 
been  taken  as  read,  the  Hon.  Secretary 
read  out  the  names  of  the  following 
applicants  for  membership  : — 

Ordinary  Member : — 
Mr.  Wallis  White 


E.  Stroud,  Mr.  B.  P.  Dudding,  Mr. 
Elyard  Brown,  Major  A.  Garrard, 
Mr.  H.  Salsbury,  Sir  Lancelot  Hare, 
Mr.  W.  V.  Gibson,  Mr.  F.  Newton, 
Mr.  L.  M.  Tye,  Lt.-Col.  F.  A.  Cortez 
Leigh,  Mr.  L.  Gaster,  Wing-Commander 
T.  R.  C.  B.  Cave,  Mr.  A.  Cunnington, 
Mr.    A.     E.     Parnacott,    Mr.    H.    H. 


Associate  Members  : — 
Mr.  E.  A.  Hailwood 

Dr.  H.   S.   Elworthy 


Electrical  and  Mechanical  Engineer,  24,  Campbell 
Avenue,  Langside,  Glasgow. 

Managing  Director  of  Messrs.  Ackroyd  and  Best, 

Ltd.,  Morley,  near  Leeds. 
Surgeon,   Ebbw  Vale  R.S.O.,  Mon.,  Wales. 


The  names  of  applicants  announced  at 
the  previous  meeting  on  February  24th 
were  read  out  again  and  these  gentlemen 
were  formally  declared  members  of  the 
Society.* 

The  Chairman  then  called  upon  Mr. 
J.  W.  T.  Walsh  to  read  his  introductory 
paper  on  "  Motor-Car  Headlights  and 
Rearlights  in  relation  to  Traffic  Require- 
ments." In  the  ensuing  discussion  Captain 

*  Illum.  Eng.,  March,  1920,  p.  65. 


Thompson,  Mr.  C.  H.  Worsnop,  and  Mr. 
A.  W.  Wyatt  took  part. 

Mr.  Walsh,  having  briefly  replied  to 
some  of  the  points  raised  in  the  dis- 
cussion, a  vote  of  thanks  to  the  Author 
and  to  those  who  had  exhibited  apparatus 
at  the  meeting  concluded  the  proceedings. 

The  Chairman  announced  that  the 
next  meeting  would  take  place  at  8  p.m. 
on  Tuesday,  April  20th,  when  a  paper 
on  "  The  Artificial  Lighting  of  Churches  " 
would  be  read  by  Mr.  J.  Darch. 
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MOTOR-CAR    HEADLIGHTS    AND     REARLIGHTS 
RELATION    TO    TRAFFIC    REQUIREMENTS. 


IN 


By  J.  W.  T.  Walsh,  M.A.,  M.Sc,  A.M.I.E.E. 

(Introduction  to  a  Discussion  at  the  meeting  of  the  Illuminating  Engineering  Society,  held  at 
the  House  of  the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi,  London,  W.C..  at 
8  p.m.,  on  Tuesday,  March  30th,  1920). 


The  subject  which  we  are  to  discuss  this 
evening  is  one  which  has  long  occupied  the 
attention  not  only  of  the  users  of  motor 
cars,  but  also  of  those  who,  as  pedestrians 
or  riders,  use  the  roads  where  motor  traffic 
is  to  be  met  with.  Two  points  of  view 
have  at  once  to  be  clearly  recognised  ;  the 
first  is  that  of  the  driver  who  requires  from 
his  headlight  sufficient  illumination  of 
the  objects  ahead  of  him,  and  that  at 
sufficient  distance,  to  enable  him  to  avoid 
collision  ;  the  second  is  that  of  the  rider 
or  pedestrian  who  requires  that  his  eye 
shall  not,  by  reason  of  the  powerful 
headlight  beam,  be  rendered  incapable 
of  perceiving  objects  to  the  side  and  rear 
of  the  oncoming  car.  It  is  also  obvious 
that,  without  special  arrangements,  these 
two  requirements  are  mutually  in- 
compatible. The  ordinary  form  of  head- 
light beam,  if  it  is  to  be  powerful  enough 
to  illuminate  objects  at  a  sufficient  distance 
ahead  of  the  car,  must  necessarily  be  such 
as  to  dazzle  the  eyes  of  anyone  approach- 
ing it,  and  so  render  him  incapable  of 
perceiving  any  other  objects  in  the 
immediate  neighbourhood  of  the  car. 

In  1911,  a  paper  on  the  very  subject 
that  we  are  now  discussing  was  read 
before  this  Society  by  Dr.  Hiekman,  and 
before  that  time  orders  had  been  made  in 
which  dazzling  headlights  were  condemned 
in  certain  cases.  The  Royal  Automobile 
Club  in  July,  1909,  carried  out  a  series 
of  tests  at  the  Crystal  Palace  with  the 
object  of  investigating  the  question  of 
glare   from  motor-car  headlights. 


In  1912  and  1913  the  subject  was 
under  very  careful  consideration  by  the 
Local  Government  Board,  and  at  their 
request  an  extensive  series  of  experiments 
was  carried  out  at  the  National  Physical 
Laboratory  with  the  object  of  determining 
whether  it  was  in  any  way  possible  to 
avoid  the  dazzling  effect  without  sacrific- 
ing too  much  of  the  illuminating  efficiency 
of  the  beam.  One  of  the  suggestions  put 
forward  was  that  of  blocking  out  the 
upper  right-hand  quadrant  of  the  beam 
so  that  the  lower  half  was  left  to  illuminate 
the  road  and  objects  upon  it  up  to  about 
the  42-inch  level,  and  the  upper  left-hand 
quadrant  was  still  available  to  illuminate 
the  near  side  of  the  road,  with  its  signs, 
hedges  and  so  forth.  The  upper  part  of 
the  approaching  rider,  however,  who 
would  be  on  the  right  side  of  the  road  as 
seen  from  the  car,  would  receive  none  but 
the  direct  light  from  the  front  of  the 
source,  i.e.,  sufficient  to  enable  him  to 
recognise  the  presence  of  the  car,  but  not 
enough  to  cause  any  dazzling  effect  on  his 
eyes.  The  method  by  which  this  result 
was  obtained  was  that  of  inserting  a 
small  quadrantal  screen  close  to  the  source 
(whether  it  were  an  incandescent  filament 
or  an  acetylene  flame),  and  between  it  and 
the  mirror.  The  effect  is  shown  in  Fig.  1 
which  is  a  photograph  taken  with  two 
motor-car  headlights  which,  together, 
over  the  main  portion  of  the  beam  were 
equivalent  to  1,400  candles.  In  the 
obscured  segment,  however,  this  intensity 
was  reduced  to  14  candles  without  any 
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appreciable  diminution  in  the  main  part 
of  the  beam.  This  device,  which  was 
due  to  Mr.  C.  C.  Paterson  and  Mr.  B.  P. 
Dudding,  has  been  referred  to  as  the 
"  three-quarter  beam." 


regard  to  any  limitation  of  the  form  of 
the  beam  to  avoid  dazzle. 


Fig.  1. 


-Showing  the  principle  of  the 
quarter  "  beam. 


three  - 


An  alternative  arrangement  is  that  by 
means  of  which  the  beam  is  confined,  as 
far  as  possible,  below  the  horizontal. 
This  may  be  done  either  by  a  succession 
of  deep  louvres  in  front  of  the  lamp,  as 
shown  in    Fig.   2    or    preferably    by   an 


Fig.  2. — Use  of  louvres  to  confine  beam  below 
the  horizontal. 


arrangement  of  prisms  which  deflect  that 
part  of  the  beam  which  would  otherwise  be 
cast  upwards,  and  cause  it  to  reinforce  the 
lower  part  of  the  beam  which  illuminates 
the  road  and  all  objects  below  the  level  of 
the  headlight  itself.  Such  an  arrangement 
is  illustrated  in  Fig.  3. 

During  the  war,  the  question  of  dazzling 
headlights  was  overshadowed  by  the 
necessity  of  reducing  all  forms  of  exterior 
lighting  to  a  minimum  and  the  orders 
made  under  the  Defence  of  the  Eealm 
Act  aimed  at  reducing  the  total  intensity 
of  the  beam  to  the  lowest  possible  limit 
consistent    with    safe    driving,     without 


Fig. 


3. — Use  of  prisms  to  deflect  rays  which 
would  otherwise  be  cast  upwards. 


Now,  however,  the  matter  is  again 
receiving  attention  and  it  has  been 
considered  by  a  Committee  set  up  under 
the  Ministry  of  Transport.  This  Com- 
mittee has  just  issued  an  interim  report 
in  which  (as  reported  by  "  Modern 
Transport  ")  it  makes  the  following 
statement  :  "  With  regard  to  headlamps 
on  motor  vehicles,  whilst  the  Committee 
are  still  pursuing  their  investigations 
with  regard  to  this  question,  and  are  not 
in  a  position  to  make  any  definite 
recommendations  with  regard  thereto, 
they  think  it  may  be  of  interest  for  them 
to  state  that  the  evidence  they  have 
heard,  and  the  results  of  tests  that  have 
been  carried  out,  strongly  point  to  the 
following  conclusions,  viz.  : — 

"  (1)  No  satisfactory  practicable  dim- 
ming device  to  avoid  dazzle  has  yet  been 
discovered.  Such  devices  which  avoid 
dazzle  to  any  appreciable  extent  unfor- 
tunately fail  to  give  a  safe  driving  light, 
and  also,  of  course,  cause  an  extremely 
large  percentage  of  loss  of  lighting 
power. 

"  (2)  Far  too  powerful  headlights  are 
in  comparatively  common  use  at  the 
present  time. 

"  (3)  Pending  the  discovery  of  some 
satisfactory  dimming  device,  a  maximum 
power  light,  sufficient  to  give  a  safe 
driving  light,  should  be  fixed,  and  the 
reflectors  in  the  case  of  all  lights  should 
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be  limited  in  size,  varying  in  accordance 
with  the  power  of  the  light." 

It  will  be  noticed  that  the  Committee 
promise  further  investigation  of  the 
matter,  and  presumably  this  will  lead 
them  to  some  rather  more  definite 
recommendations  or  suggestions.  The 
whole  subject  of  headlights  has  been 
very  thoroughly  dealt  with  by  a  Com- 
mittee of  the  American  Illuminating 
Engineering  Society,  and  their  Report, 
issued  last  year,  gives  a  very  full  descrip- 
tion of  experiments  bearing  on  the 
question  both  of  the  minimum  light 
required  for  driving,  the  brightness  of  a 
light  source  causing  dangerous  glare, 
and  the  possible  means  of  reconciling 
these  two  opposing  factors  in  the  same 
headlight. 

I  think  it  will  be  of  considerable 
assistance  to  us  in  our  discussion  of  the 
subject  this  evening  if  we  have  before 
us  a  short  summary  of  the  report  of  the 
American  Committee.  After  considering 
at  some  length  the  requirements  to  be 
fulfilled  for  safe  driving,  and  the  various 
factors  entering  into  the  subject  of 
glare,  they  describe  the  optical  principles 
underlying  headlighting  and  the  pro- 
duction of  a  satisfactory  beam.  The 
practical  conditions  met  with,  such  as 
curving  and  uneven  roads,  crossings, 
sign  boards,  road  margins,  foliage,  street 
lights,  dust,  fog,  rain  and  snow  are  all 
considered.  Their  final  recommenda- 
tions are  as  follows  :■ — 

"  The  Headlight  Beam.— No  headlight 
should  be  permitted  such  that  the 
reflected  or  beam  light  is  projected  above 
a  plane  42  in.  (107  cm.)  above  the  road 
and  parallel  to  it,  measured  100  ft.  (30"5 
metres)  ahead  of  the  vehicle.  We  do  not 
consider  it  advisable  to  place  a  maximum 
limit  upon  the  lateral  spread  of  the  beam 
provided  it  is  confined  below  the  42  in. 
level.  Permitting  light  in  the  upper 
right-hand  quadrant  of  the  beam  is  still 
favoured  by  some,  but  the  majority  of 
your  Committee  favour  limiting  the  beam 
to  the  lower  quadrants,  particularly  in 
districts  having  numerous  curved  roads. 
The  beams  from  spotlights  should  be 
subject  to  the  same  limitations  as  those 
from  headlights. 

"  Scattered  Light. — No  light  above  the 
horizontal  should  be  tolerated  which,  at 
5  ft.  (L5m.)  above  the  road  surface,  is  of 


more  than  a  certain  candlepower.  This 
Committee  favours  a  limitation  of  this 
form,  but  considers  that  the  precise 
candlepower  specification  should  be 
subject  to  such  modifications  as  may 
seem  desirable  in  the  light  of  further 
experimental  work.  The  sharpest 
practical  cut-off  is  desirable  to  minimise 
glare  on  country  roads,  since  with  dark 
surroundings  the  retina  is  so  sensitive 
as  to  be  easily  blinded  The  practical 
limit  is  of  the  order  of  100  to  500  candle- 
power  1°  above  the  horizontal,  or  5  ft. 
(l'5m.)  above  road  level  at  150  ft. 
(46  m.)  The  5  ft  level  is  specified 
rather  than  the  usual  42  in.  (107  cm.) 
level  since  we  are  concerned  with  glare 
chiefly  at  the  average  height  of  the  eyes 
of  pedestrians  and  the  drivers  of  approach- 
ing automobiles. 

"  Minimum  Illumination. — No  driving 
should  be  permitted  where  the  road 
illumination  provided  is  less  than  0-001 
f.c.  This  limitation,  of  course,  concerns 
chiefly  the  safety  of  the  driver  himself, 
but  also  the  safety  of  pedestrians  and 
the  occupants  of  unlighted  horse-drawn 
vehicles. 

"  Minimum  Spread. — The  normal 
illumination  provided  at  distances  from 
50  to  100  ft.  (15-3  to  30-5  m.)  ahead  of  the 
vehicle  should  not  be  less  than  10  ft. 
(3'lm.)  in  width  upon  the  road  surface. 
With  a  sharply  focused  narrow  beam  and 
very  little  scattered  light,  passing  other 
vehicles  is  dangerous  because  such  a  beam 
cannot  illuminate  both  the  vehicle  passed 
and  the  edge  of  the  road  on  that  side. 

"  Coloured  Headlights.— The  use  of 
white  headlights  should  never  be  legally 
required  since  it  cannot  be  enforced 
Even  with  uncoloured  headlights  no 
source  of  light  even  closely  approaches 
white.  Aside  from  the  slight  and  un- 
important colour  distortion,  your  Com- 
mittee finds  no  objections  to  the  use  of 
the  yellow  or  amber  coloured  headlights." 

Here  we  have  clear  and  definite 
recommendations  laid  down,  chiefly  as 
regards  the  prohibition  of  a  beam  any 
part  of  which  diverges  more  than  1° 
above  the  42  in.  horizontal  plane,  and 
the  requirement  of  a  certain  degree  of 
road  illumination  and  the  spread  of  the 
headlight  beam.  We  may  not  necessarily 
agree  with  these  conclusions  in  every 
particular,  but  they  will  at  least,  I  hope, 
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form  a  basis  for  a  very  practical  dis- 
cussion on  the  subject  of  motor  head- 
lamps from  the  point  of  view  of  both  the 
motor  driver  and  the  pedestrian  or  other 
road  user. 

These  recommendations  of  the 
American  Committee  have  been  endorsed 
by  the  London  "  Safety  First  "  Council. 
who  last  year  made  the  following 
recommendations  with  regard  to  head- 
lamps : — 

"  (a)  Xo  portion  of  the  beam  of  light 
shall  fall  outside  a  plane  parallel  to  and 
42  inches  above  the  roadway  measured 
as  a  distance  of  100  feet  from  the  vehicle. 

"  (b)  There  shall  be  sufficient  light  to 
enable  a  person  or  object  of  substantial 
size  to  be  distinguished  at  a  distance  of 
100  feet  ahead  of  the  vehicle. 

(This  probably  requires  a  beam  of 
500-1,000  c.p.  if  dark  objects  are  to  be 
distinguished  at  the  distance  specified. 
In  these  circumstances  the  illumination, 
at  a  distance  of  100  feet,  would  be  0"05- 
O'l  foot-candles.  In  obtaining  this  value 
the  design  of  the  lens  and  reflector  is 
more  important  than  the  candlepower 
of  the  lamp,  but  a  suitably  designed 
lamp  consuming  10-15  watts  of  electri- 
city, or  an  acetylene  lamp  consuming  §- 
1  cubic  foot  of  gas  per  hour,  would 
probably   suffice.) 

"  (c)  The  illumination  produced  on  the 
roadway  at  a  distance  of  100  feet  shall 
not  sensibly  diminish  for  a  distance  of 
5  feet  on  either  side  of  the  centre  of  the 
beam. 

"  (d)  There  shall  be  sufficient  side- 
illumination  to  reveal  any  person,  vehicle 
or  substantial  object  on  either  side  of  the 
beam  or  10  feet  ahead  of  it." 

The  regulations  of  the  States  of  New 
York  and  of  Connecticut  are  also  interest- 
ing in  this  connection.  In  New  York 
the  qualifications  of  front  and  rear  lights 
are  stated  much  more  fully  than  in  this 
country.  The  latter  rays  must  also 
shine  upon  the  number  plate  so  as  to 
render  the  numerals  readable  for  at  least 
50  feet.  Front  lights  must  be  visible 
250  feet  in  the  direction  in  which  the 
vehicle  is  proceeding,  and  if  the  street 
fighting  is  insufficient  to  reveal  any 
person,  vehicle  or  substantial  object  at  a 
distance  of  at  least  200  feet,  then  the 
front  lights  must  be  sufficient  to  do  so 
Similarly    any    substantial    object    must 


be  revealed  by  the  light  from  the  front 
lamps  at  a  point  ten  feet  on  either  side 
of  the  vehicle,  if  the  street  lighting  is 
insufficient  to  do  so. 

In  Connecticut  it  is  laid  down  : 

'"  (1)  That  no  portion  of  the  beam  of 
reflected  light,  when  measured  75  feet 
or  more  ahead  of  the  lamps,  shall  rise 
above  42  in.  from  the  level  surface  on 
which  the  vehicle  stands. 

"  (2)  Sufficient  light  to  discern  a 
person  or  substantial  object  150  feet 
directly  ahead  of  the  vehicle. 

"  (3)  Sufficient  side  illumination  to 
reveal  any  person,  vehicle  or  substantial 
object  10  feet  to  both  sides  of  a  vehicle, 
at  a  point  10  feet  ahead  of  lamps." 

The  existence  of  such  regulations  shows 
us  that  there  can  be  no  insuperable 
difficulty  in  meeting  such  requirements, 
and  in  ensuring  that  they  are  complied 
with,  and  I  hope  that  the  outcome  of  the 
discussion  this  evening  will  be  some  very 
clear  and  practical  suggestions  as  to  the 
kind  of  regulation  which  is  necessary, 
the  possibility  of  complying  with  it,  and 
the  method  by  means  of  which  such 
compliance  can  be  tested  if  necessary. 

The  chief  object  of  these  introductory 
remarks  has  been  to  provide  material 
for  discussion,  and  it  may  therefore  be 
convenient  to  summarise  the  various 
points  raised  in  the  form  of  a  series  of 
queries,  as  follows  : — 

(1)  What  value  should  be  assigned 
for  the  minimum  range  of  headlights. 
i.e.,  what  is  the  smallest  distance  at 
which  a  dark  object  of  substantial  size 
must  be  seen  in  order  to  allow  time  for 
the  car  to  pull  up,  and  avoid  a  collision  ? 

(2)  What  is  the  minimum  illumina- 
tion necessary  to  enable  such  objects  to  be 
clearly  seen  at  the  prescribed  distance, 
and  the  corresponding  minimum  value 
to  be  assigned  to  the  effective  candle- 
power  of  the  beam  ? 

(3)  What  should  be  the  limits  assigned 
to  the  width  of  the  beam  at  the  distance 
prescribed  in  (1)  ? 

(4)  Should  any  recommendations  be 
made  in  regard  to  the  illumination 
afforded  on  the  portion  of  the  road  lying 
between  the  car  and  the  point  of  minimum 
range  ? 

(5)  Is  it  desirable  that  the  light  from 
the  beam  should  be  confined  below  a 
certain    horizontal    plane,    at    a    fixed 
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height  above  the  roadway,  and  how 
should  this  plane  be  specified  ?  Would 
it  suffice  if  a  limit  were  set  to  the 
candle-power  in  directions  above  this 
plane  ? 

(6)  Is  it  desirable  that  a  maximum 
value  should  be  assigned  to  the  candle- 
power  of  the  main  beam  with  a  view  to 
limiting  glare,  in  addition  to  the  minimum 
proposed  under  (1)  for  the  benefit  of  the 
driver 

(7)  Should  supplementary  require- 
ments be  made  in  regard  to  the  light 
available  in  the  area  immediately  ad- 
jacent to  the  car,  e.g.,  on  either  side  of 
the  car  or  ten  feet  ahead  of  it  ? 

(8)  Is  it  desirable  that  means  should 
be  provided  whereby  the  driver  can 
diminish  the  power  of  his  lights,  in  cases 
where  this  appears  justified  by  the  avail- 
able street  lighting  ?  or  that  headlights 
should    be    extinguished    in    important 


public    thoroughfares,    the    fighting    of 
which  reaches  a  prescribed  standard  ? 

(9)  Is  it  desirable  that  headlights 
should  turn  with  the  steering  wheels,  so 
that  the  direction  of  the  beam  affords  an 
indication  of  the  course  of  the  car  when  it 
turns  ? 

(10)  Is  it  practicable  to  supplement 
the  existing  rear  red  light  by  some  form 
of  rear  luminous  signal  indicating  when  a 
car  is  about  to  (a)  slacken  speed,  (b) 
reverse  gear  and  travel  backwards,  and 
(c)  turn  to  the  right  towards  the  middle 
of  the  road  ? 

(11)  Is  there  any  available  informa- 
tion justifying  the  belief  that  the  use 
of  golden  reflectors  or  yellow-tinted 
diaphragms  promotes  good  penetrating 
power  in  fog  and  also  diminishes  the 
tendency  for  a  luminous  haze  to  be 
formed,  interfering  with  the  vision  of  the 
driver  ? 


DISCUSSION. 


Capt.  E.  Stroud  said  the  problem  of 
anti-dazzle  of  motor  headlights  was  not  an 
easy  one  to  solve,  but  from  the  number  of 
devices  one  saw  published  in  the  motor 
journals  week  by  week  it  was  apparent 
that  it  was  being  tackled  by  many  manu- 
facturers, and  it  only  remained  to  sort 
out  the  wheat  from  the  tares,  by  discussing 
the  actual  requirements  and  by  seeing  how 
far  they  were  being  fulfilled  by  the 
methods   available. 

He  thought  they  might  take  it  that 
consideration  must  be  given  from  three 
points  of  view  ;  first,  the  requirements 
of  the  driver  of  the  car  itself  ;  secondly, 
the  driver  of  the  oncoming  car ;  and 
thirdly,  the  needs  of  pedestrians  and 
ordinary  vehicular  traffic. 

A  driver  of  a  car  requires  sufficient 
driving  light  to  enable  him  to  pick  out 
irregularities  in  the  road  and  of  sufficient 
intensity  to  pick  up  oncoming  or  over- 
taking traffic.  He  also  requires  sufficient 
side  way  illumination  to  enable  him  to 
pass  traffic  in  safety  and  to  recognise  the 
edge  of  the  road  and  side  turnings.  The 
driver  of  the  oncoming  car  requires  to 
know  as  early  as  possible  of  the  approach 


of  another  car,  and  it  was  essential  that 
when  being  approached  he  was  not  blinded 
by  the  glare  from  the  headlights  of  the 
other  car. 

Let  it  be  assumed  that  it  was  necessary 
for  a  driver  to  pick  up  objects  on  the 
ground  at  least  50  yards  ahead,  then  it 
was  equally  necessary  to  have  that  space 
from  the  car  to  the  50  yards  distant  also 
illuminated  with  a  more  or  less  equal 
intensity  so  as  to  see  obstructions  more 
near  at  hand.  The  requirements  were  : 
first,  a  good  driving  light  which  should 
not  rise  above  the  horizontal  ;  secondly, 
good  illumination  from  directly  in  front 
of  the  car  to  the  maximum  beam  ;  and 
thirdly,  adequate  sideway  spread. 

On  first  consideration  the  problem 
might  be  thought  to  be  solved  by  tilting 
the  headlamps.  Modern  parabolic  head- 
lamps although  not  giving  the  theoreti- 
cally parallel  beam  of  light  did  give  a 
very  narrow  beam  of  intense  light  which 
diverged  about  2  degrees.  If  one  tilted 
the  headlamps  one  degree  to  point  about 
50  yards  that  still  did  not  satisfy  points 
2  and  3,  also  one  still  got  the  intense 
beam  for  2  degrees  above  the  horizontal. 
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If  one  tilted  still  more  than  that,  the 
driving  light  and  sideway  spread  were 
not  secured.  There  were  several  methods 
of  dealing  with  glare,  such  as  treating 
the  bulb  itself  or  treating  the  reflector 
but  he  only  proposed  to  discuss  those 
dealing  with  the  front  glass  or  lens. 

Through  the  courtesty  of  Messrs.  C.  A. 
Vandervell,  he  had  an  exceptional  oppor- 
tunity of  viewing  a  number  of  anti- 
dazzle lenses,  fully  rigged  up  ready  for 
road  tests.  Road  tests  were  necessary 
and  essential,  but  might  not  be  con- 
clusive in  themselves,  therefore  the  lamps 
were  kindly  loaned  to  him  so  that  he 
could  take  laboratory  photometric  tests 
which  might  help  considerably  in  arriving 
at  a  conclusion  of  the  respective  merits  of 
the  series  of  lenses.  From  curves  which 
he  showed  it  might  be  seen  whether  they 
more  or  less  met  the  requirements.  These 
curves  are  reproduced  in  Fig.  1,  and  show 
the  whole  series  of  anti-dazzle  lenses 
super-imposed  on  one  sheet  so  that  they 
are  strictly  comjjarable  as  to  vertical 
distribution  and  intensity  one  with  the 
other.  With  the  tests  the  head-lamps 
were  fixed  in  an  horizontal  position  and 
photometric  readings  were  taken  at 
various  angles  through  the  vertical  axis 
of  the  lamp.  The  curves  were  plotted 
with  the  candlepower  intensities  above 
and  below  this  vertical  axis,  in  degrees. 
The  degrees  were  shown  as  horizontal 
lines  instead  of  the  usual  radial  lines,  so 
as  to  bring  out  more  clearly  the  perform- 
ance of  the  lens. 

The  first  two  curves  shown  (not 
included  in  the  graph)  were  of  metal 
devices  and  according  to  the  tests  did  not 
throw  the  maximum  light  below  the 
horizontal. 

The  Dillon  lens,  Curve  "  A,"  is  rather  a 
massive  lens,  formed  like  a  truncated 
cone  with  the  crater  centre  in  which  is  a 
bull's-eye,  the  sloping  sides  of  the  cone  are 
matted  and  the  flattened  top  is  formed  a 
series  of  vertical  lenses.  The  maximum 
candle  power  5,800  is  given  at  1  to  2 
degrees  above  the  horizontal. 

The  Macbeth  lens,  Curve  "  B,"  has  a 
glass  projection  at  the  top,  green  ena- 
melled, in  the  form  of  a  visor,  the  rest  of 
the  lens  has  a  pronounced  square-shaped 
prism  formation.  The  test  shows  a 
maximum  candlepower  of  8,280,  but  in  a 
horizontal  direction. 


The  Holophane  lens.  Curve  "  C',"'  is  in 
the  form  of  a  flat  plate.  On  the  side 
facing  the  lamp  is  formed  a  series  of  sets 
of  prisms  each  series  designed  to  control 
portions  of  the  light  beam.  Extending 
backward  on  this  side  just  above  the  bulb 
of  the  lamp,  projects  a  fin  of  specially 
treated  glass.  On  the  top  portion  of  the 
lens,  the  horizontal  prisms  refracts  the 
upper  rays  downwards.  Just  under  the 
fin,  but  in  the  upper  half,  are  two  sets  of 
prisms  shaped  somewhat  like  the  rising 
sun  with  extending  rays,  the  centre  bull's- 
eye  prisms  control  the  central  rays,  and 
the  radial  prisms  bend  rays  to  illuminate 
the  side  of  the  road  near  the  car.  Oh 
the  lower  half  of  the  plate,  prisms  are 
designed  to  give  distance  to  the  beam. 
The  vertical  distribution  curve  shows 
that  the  maximum  candlepower  7,900  is 
given  at  3  degrees  below  the  horizontal, 
with  a  fairly  intense  beam  from  the 
horizontal  to  about  10  to  12  degrees  in  a 
downward  direction. 

The  Liberty  lens,  Curve  "  A"  is  a  lens 
very  similar  to  the  Macbeth,  but  without 
the  green  visor.  This  lens  gives  a  maxi- 
mum candlepower  2  to  3  degrees  below 
the  horizontal,  but  with  rather  less 
intensity  than  curve  "  C." 

The  Corning  lens,  Curve  "  E,"  is  a  flat 
lens  with  a  series  of  square-shaped  prisms, 
the  glass  being  golden-tinted.  The  light 
distribution  is  similar  to  curves  "  C  ' 
and  "  D,"  the  maximum  candlepower 
being  5,780  at  2  degrees  below  the 
horizontal. 

The  Violet  Ray  lens.  Curve  "  F,"  has  a 
dark  enamelled  visor  somewhat  similar 
to  the  Macbeth,  the  lower  portion  being 
formed  into  a  series  of  sets  of  prisms  on 
both  the  inside  and  outside.  The  glass  is 
rather  violet  in  tint,  which  apparently 
cuts  off  a  fair  amount  of  the  driving 
light.  The  maximum  candlepower 
shown  is  2,800  at  3  to  5  degree  below  the 
horizontal.  A  further  curve  shown,  not 
included  in  Fig.  1,  was  that  of  the  Osgood 
long  distance  lens.  This  lens  gave  a 
distribution  of  the  same  characteristic  as 
the  plain  parabola,  therefore  would  not 
come  under  the  category  of  an  anti- 
dazzle device. 

The  curves  he  now  showed  (Fig.  1) 
might  enable  one  to  gauge  the  possibilities 
of  refraction  as  a  solution  to  the  problem, 
but  they  were  not  complete,  as  the  side 
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Fig.   1. — Showing  distribution  of  light  from  various  types  of  headlights. 


Fig.  2. — Illustrating  appearance  and  distribution  of  light  from  Holophane  headlight  lens. 


spread  of  light  was  not  shown.  A  tre- 
mendous number  of  readings  would  have 
to  be  taken  to  obtain  the  hemispherical 
distribution,  the  light  distributions  being 
asymmetric.  Also  it  was  difficult,  for  the 
same  reason,  to  measure  the  total  output 
of  the  equipment  so  as  to  get  at  the  total 
efficiency.  He  tested  the  bare  lamp 
for  actual  candlepower  and  obtained  20 
mean  spherical  candlepower,  which  equals 
250  lumens. 


With  the  head-lamp  equipped  with 
parabola  only,  no  glass  front,  he  got  150 
lumens,  which  was  about  two-thirds.  He 
now  showed  a  slide  taken  from  three 
lenses  which  were  in  keeping  with  his 
contention  that  the  maximum  beam 
should  be  about  2  to  3  degrees  below 
horizontal.  At  an  angle  of  1  degree,  the 
candlepower  values  of  the  Holophane, 
Liberty  and  Coming  were  7,200,  5,000, 
and  3,500  respectively. 
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The  figures  for  other  angles  and  to  the  arrangement  was  that,  unless 
distances  were  given  in  the  following  roads  were  reasonably  straight,  every 
tables  :  time  a  crescent  was  turned,  the  beam 

Normal,  Illumination  Values  Calculated  at  Distances  where  Various  Angles 

Strike  Ground. 


Distance  in 

Type  of  Lens. 

Angle  below 
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1 

Horizontal  plane — 2  ft.  6  in.  from  ground  level. 


One  got  practically  even  illumination 
from  the  distance  where  the  maximum 
beam  met  the  ground,  and  he  thought 
that  the  three  lenses  in  question  more  or 
less  met  the  requirements. 

He  wished  to  express  his  thanks  to  Mr. 
Goodwin  and  Mr.  Brown  of  Messrs. 
Vandervell  for  loaning  him  the  head-lamps 
with  lenses,  and  also  to  his  colleague  Mr. 
Tye  for  his  assistance  with  the  tests  and 
photographs. 

Mr.  B.  P.  Dudding,  referring  to  the  so- 
called  "  three-quarter  beam "  device, 
said  it  should  be  pointed  out  that  at  the 
time  Mr.  Paterson  and  he  worked  on  this 
problem  parabolic  mirrors  were  not  in 
the  majority,  as  they  are  at  present,  and 
most  of  the  investigation  was  done  with 
the  Mangin  mirror  lens.  The  device 
actually  used  was  not  directly  applicable 
to  the  parabolic  mirror. 

The  top  left-hand  portion  of  the  beam 
was  retained,  as  a  large  number  of  drivers 
maintained  that  it  was  necessary  in 
order  to  make  it  possible  to  see  the 
hedge  and  the  road  signs.      A  drawback 


was  brought  across  the  road  and  dazzled 
the  eyes  of  oncomers.  The  Americans 
had  decided  to  legislate  for  a  beam  giving 
no  light  above  the  horizontal.  At  the 
N.P.L.  they  had  some  difficulty  in  con- 
ducting experiments  on  devices  designed 
to  ensure  this  condition.  The  ordinary 
brackets  for  carrying  lamps  on  cars  were 
not  designed  to  give  the  fineness  of 
adjustment  necessary  for  such  work. 
Further,  even  if  arrangements  were  made 
for  cutting  off  practically  all  light  above 
the  horizontal,  it  was  easy  to  throw  up 
the  beam  a  degree  or  so  by  changes  in 
the  loading  of  the  car.  The  recommenda- 
tions of  the  Transport  Committee  were 
quoted  in  the  paper,  but  were  worded 
ambiguously.  Referring  to  Item  3 : 
"  maximum  power  of  the  light  "  was  a 
very  vague  statement.  Do  they  refer  to 
the  power  of  the  beam,  or  to  the  source 
of  actual  light  in  the  lamp  itself  ?  There 
was  no  point  in  limiting  the  power  of  the 
light  which  can  be  put  into  the  lens 
system.  The  whole  thing  depended  on 
the  optical  arrangements.  Any  limita- 
tion proposed  should  be  referred  to  the 
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beam.  At  the  National  Physical  Labora- 
tory they  made  experiments  to  determine 
at  what  distances  objects  of  different 
surface  brightness  could  be  picked  up  on 
an  ordinary  tarred  road,  and  definite 
results  were  obtained.  A  figure  was 
assessed  to  the  illumination  that  was 
required  to  enable  one  to  see  a  person  in 
dark  clothes  on  a  tarred  macadam  road. 

Laboratory  experiments  which  were  in 
progress  when  the  investigation  ceased 
indicated  another  possible  method  of 
reducing  the  effect  of  "  glare."  In  the 
experiments  a  small  tungsten  lamp  was 
set  up  to  act  as  the  "  glaring  "  headlight, 
and  a  man-shaped  figure,  whose  surface 
brightness  could  be  varied  at  will,  was 
arranged  so  that  an  observer,  looking 
towards  the  glare  lamp,  could  cause  it 
to  move  at  right  angles  to  his  line  of 
sight.  The  line  of  travel  of  the  figure 
was  slightly  behind  the  lamp.  The  whole 
arrangement  was  viewed  from  such  a  dis- 
tance that  the  figure  subtended  the  same 
angle  at  the  eye  as  a  man  at  a  distance 
of  200  ft. 

It  was  found  that  the  figure  when 
moved  across  the  line  of  sighl  towards 
the  glare  lamp  vanished  quite  sharply  at 
a  certain  distance  from  the  glare  lamp. 
This  distance  depended  on  the  brightness 
of  the  figure.  These  results  indicate  that 
if  a  car  carried  lights  which  strongly  illu- 
minated the  ground  behind  the  car  on  the 
right  hand  side,  the  "  glare  "  effect  of 
the  headlights  of  the  car  would  be  con- 
siderably reduced.  These  rear  lights 
would  of  course  be  arranged  so  that  they 
did  not  throw  any  light  above  the  hori- 
zontal. This  would  not  be  difficult  as 
close  adjustment  to  near  the  horizontal 
would  not  be  necessary,  in  this  case, 
where  the  range  of  the  light  on  the  road 
need  not  be  large. 

Mr.  Elyard  Brown  said  that  he 
believed  that  the  tests  conducted  by  the 
Royal  Automobile  Club  in  1909  did  not 
deal  with  the  question  of  dazzle.  The 
chief  aim  of  those  who  took  part  in  these 
tests  seems  to  be  to  obtain  the  maximum 
carrying  power  of  beam.  There  was  no 
doubt  that  much  unnecessary  glare 
existed  in  present  types  of-  headlights, 
especially  those  using  electric  light,  the 
lamp  in  many  cases  being  ill-adapted  to 
the  size  and  depth  of  the  reflector.     The 


shallow  reflector  used  on  many  American 
cars  gave  more  glare  than  did  the 
relatively  deep  ones  more  usual  on  British 
cars.  Generally  speaking,  the  maximum 
candlepower  should  be  proportional  to  the 
diameter  of  the  mirror,  i.e.,  not  more 
than  24  candlepower  in  a  Tin.  reflector, 
nor  32  candlepower  in  an  8-in.  or  9-in- 
reflector,  nor  more  than  48  candlepower 
with  a  10-in.  reflector. 

Glare,  in  effect,  was  a  physiological 
state  of  the  eye  arising  when  one  was 
confronted  by  a  bright  light,  so  that  one 
could  not  see  objects  behind  it.  But 
there  was  also  a  psychological  aspect, 
which  might  be  described  as  "  light- 
shock  "■  a  kind  of  unreasoning  irritation. 
The  effect  was  less  marked  if  the  adjacent 
illumination  was  good,  but  a  person  in  a 
dark  lane  might  he  dazzled  even  by  the 
lamps  using  candles  employed  on  a 
doctor's  brougham. 

It  seemed  clear  that  the  difficulty  in 
obtaining  a  form  of  headlight  which 
enabled  one  to  drive  safely  and  yet 
caused  no  inconvenience  to  other  people 
was  almost  insuperable.  Some  of  the 
headlights  which  he  had  been  testing  a 
few  nights  ago  did,  however,  go  a  con- 
siderable way  towards  meeting  this 
double  requirement.  They  aimed  at  a 
redistribution  of  light,  and  confining  it 
mainly  below  the  eye-level.  Entire  ex- 
tinction of  light  above  the  eye-level,  such 
as  was  apparently  contemplated  in  some 
of  the  American  regulations,  was  not 
only  difficult,  but  also,  it  seemed  to  him, 
undesirable  as  it  would  result  in  projecting 
loads  on  vehicles  being  completely  ob- 
scured. The  effect  was  also  unnatural. 
The  ideal  was  to  observe  objects  by  a 
diffused  illumination,  so  that  one 
approached  by  night  the  conditions  pre- 
vailing by  day. 

While  motorists  were  under  an  obliga- 
tion to  avoid  causing  unnecessary  incon- 
venience to  other  people,  a  duty  also 
rested  on  pedestrians  and  drivers  of 
other  vehicles  to  aid  the  drivers  of  motor- 
cars, particularly  by  rendering  themselves 
and  their  vehicles  as  easily  visible  as 
possible. 

As  regards  colour,  a  light  in  which 
blue  and  violet  were  predominant  was  not 
only  bad  for  driving  but  also  gave  rise 
to  unnatural  effects  in  revealing  the 
colours  of  objects  illuminated. 
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Reflecting  devices,  such  as  the  Holo- 
phane,  Liberty,  etc.,  diminished  the  direct 
light  and  effected  a  redistribution  by 
deflecting  the  main  beam  downwards. 
Various  forms  of  dimming  devices,  which 
diminished  the  lights,  had  been  used. 
Introducing  resistance  in  series  with  the 
electric  filament  was  a  somewhat  cumber- 
some method  ;  a  more  effective  device 
was  the  use  of  a  small  switch  which 
dimmed  the  light  by  putting  two  head- 
lights in  series.  This,  however,  caused 
the  side-lights  to  become  unduly  promi- 
nent and  thus  a  source  of  glare  and  they 
required  dimming  as  well.  The  use  of 
such  a  series-parallel  switch  should  be 
obligatory  under  prescribed  conditions  ; 
otherwise  the  motorist  who  adopted  this 
method  suffered  from  the  headlights  of 
other  cars  which  were  not  so  treated. 
The  difficulty  in  passing  an  approaching 
vehicle  was  due  to  the  contrast  between 
the  glare  of  the  headlight  and  the  relative 
darkness  behind  the  oncoming  car.  He 
had  tried  a  device  which  he  found 
effective,  namely,  to  have  a  fairly  power- 
ful tail  lamp  and  an  offside  spot  light  more 
powerful  than  usual  so  as  to  illuminate  a 
patch  of  road  on  the  offside  to  the  rear 
of  the  car.  This  device  gave  a  man  just 
that  extra  confidence  in  passing  another 
car  which  he  would  otherwise  lack.  Many 
American  cars  had  the  number  and  the 
lamp  on  the  offside  wTing,  thus  illuminating 
a  small  area  of  road  as  well  as  the  number. 

An  idea  that  had  been  tried  in  the 
recent  tests  was  to  attempt  to  colour  the 
upward  beam.  This  was  done  by  [tutting 
transparent  green  varnish  on  the  under- 
side of  the  bulb,  and  a  beam  so  coloured 
seemed  less  irritating  than  a  white  light. 

Major  A.  Garrard  remarked  that  he 
had  come  rather  with  the  idea  of  listening 
to  the  views  of  the  lighting  experts 
present  than  with  the  intention  of  con- 
tributing to  the  discussion,  and  his 
remarks  would  therefore  be  in  the  nature 
of  further  questions.  He  said  the  United 
States  regulations  were  very  indefinite, 
although  they  all  tended  in  the  direction 
of  decreasing  the  upwards  illumination. 
He  could  not  understand  how  the  police 
authorities  could  carry  such  regulations 
into  effect.  Some  more  definite  standard 
of  illumination  was  wanted  in  this 
country.     With  regard  to  the  diagrams 


from  the  various  lenses  giving  the  illumi- 
nation at  various  angles  above  and  below 
the  centre  line  of  the  lamp,  it  seemed  to 
him  that  they  were  all  very  similar  in 
regard  to  the  light  distribution,  and 
differed  chiefly  in  that  the  direction  of 
the  centre  of  maximum  illumination  was 
in  some  cases  central  and  in  others 
several  degrees  upwards,  so  that  similar 
driving  results  might  be  expected  gene- 
rally by  tilting  to  different  angles. 

He  had  heard  of  no  suggestion  as  to 
any  method  by  which  the  practical 
results  given  by  these  various  devices 
could  be  readily  tested.  He  would  like 
to  hear  more  about  simple  practical 
photometric  methods  of  testing  the 
illumination  at  various  distances  in  front 
of  the  car  and  towards  the  sides.  This 
matter  was  of  interest  to  those  who 
might  be  concerned  in  the  framing  of 
regulations  which  would  have  to  be 
administered  by  the  Police. 

The  discussion  was  started  on  with 
two  almost  diametrically  opposed  objects 
in  view — to  illuminate  for  a  considerable 
distance  ahead,  and  to  avoid  incon- 
venience to  the  driver  of  another  car,  or 
to  a  pedestrian  who  met  the  headlights. 
One  requirement  a  pedestrian  would 
make  was  that  he  should  be  able,  when 
facing  the  headlights,  to  see  objects  at 
the  side  of  and  behind  the  car  ;  he  did 
not  see  how  this  could  be  done  with  an 
almost  point  source  of  light,  a  reflector  of 
only  about  7  in.  diameter,  and  no 
illumination  on  either  side  of  or  slightly 
behind  the  car. 

Mr.  H.  Salsbury  drew  and  explained 
diagrams  of  his  lenses.  The  type  "  A," 
which  he  said  was  similar  to  the  louvre, 
was  constructed  of  strips  of  glass  built  up 
and  cemented  together,  and  its  faces  cut 
and  polished.  The  underside  of  the 
strips  was  finely  ground,  and  the  top 
left  polished,  so  that  light  which  struck 
upward  was  reflected  downward  at  the 
same  angle.  Parallel  light  went  right 
through  the  prism,  and  any  downward 
light  was  absorbed.  Another  type  of 
lens  "  B  "  which  he  showed  was  the 
prismatic.  By  making  the  prism  more 
acute  the  refraction  could  be  got  to 
any  desired  angle.  A  little  illumination 
was  given  above  the  horizontal,  which 
gave  the  driver  a  safer  feeling  than  if 
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the  upper  rays  of  light  were  cut  off  quite 
abruptly.  Both  these  types  were  tested 
at  the  National  Physical  Laboratory  and 
gave  a  very  good  reading. 

Sir  Lancelot  Hare  said  the  light 
could  be  controlled  by  means  of  a  shade. 
If  a  shade  were  placed  a  little  way  over 
the  lamp  the  light  would  not  rise  but  was 
reflected  downwards.  The  result  was 
that  the  rays  of  light  were  kept  at  a 
definite  height  above  the  ground,  as  the 
Americans  required.  If  one  wanted  to 
light  ahead,  the  light  would  be  reflected 
alongthe ground, starting  from  a  height  of 
4  ft.  or  so  as  the  Americans  fixed  it,  and 
remaining  at  that  height  so  long  as  the 
car  remained  horizontal  Similarly,  if 
the  shade  were  extended  to  the  sides  of 
the  lamp,  it  could  be  made  to  give  just 
the  width  of  light  required.  It  did  not 
matter  how  strong  the  light  was,  pro- 
vided it  was  strong  enough  to  throw  a 
light  as  far  as  required.  Anybody  whose 
eyes  did  not  come  within  the  path  of 
light  would  not  be  dazzled.  The  light 
lit  up  the  particles  of  dust,  and  these 
reflected  light  so  that  anyone  outside 
the  path  of  light  knew  where  it  was. 
There  was  no  glare  annoying  to  anyone 
whose  eyes  were  outside  the  beam  or  rays 
of  light,  but  only  if  one's  eyes  were  in- 
side the  beam  one  got  the  dazzle.  Any- 
one whose  eyes  were  not  less  than  4  ft. 
above  the  ground  would  not  have  his 
eyes  within  the  beam  of  light  and  so 
would  not  be  dazzled. 

If  the  beam  of  light  is  kept  within  4  ft. 
of  the  ground  it  does  not  seem  necessary 
to  control  the  width  of  the  headlight  or 
forward  beam  of  light  from  the  point  of 
view  of  a  pedestrian  whose  eyes  would 
always  be  over  4  ft.  from  the  ground. 
But  if  it  is  desired  to  throw  the  forward 
beam  further,  then  concentration  of  the 
side-spreading  rays  would  give  a  stronger 
forward  light. 

On  a  switchback  road  (and  all  roads 
are  more  or  less  switchback)  the  light 
would  be  found  to  move  up  and  down,  and 
this  on  a  very  uneven  road  might  annoy 
the  driver.  It  would  also  throw  up  the 
light  over  4  ft.  frequently,  and  dazzle 
the  eyes  of  a  pedestrian.  The  wider 
the  path  of  the  beam  the  more  pedes- 
trians it  could  catch. 


It  would  probably  be  an  improvement 
to  place  the  headlight  higher  than  4  ft., 
viz.,onthe  top  of  the  screen,  and  to  direct 
the  beam  so  as  to  strike  the  road  at  the 
distance  required  when  the  car  is  itself 
horizontal  and  standing  on  a  horizontal 
road.  A  little  consideration  would  show 
that  it  would  be  very  easy  for  a  pedes- 
trian to  get  outside  the  path  of  such  a 
light  if  it  were  of  narrow  width,  as  he 
would  have  warning  that  it  was  coming. 

The  old  coach  lights  were  always  put 
up  high,  but  coaches  travelled  compara- 
tively slowly,  and  fresh  experience  is 
necessary. 

It  would  be  very  easy  to  have  the 
shade  under  control  and  to  lower  or  raise 
it,  and  also  to  move  it  sideways  to  counter- 
act the  action  of  a  switchback  or  zigzig 
road.  This  would  give  power  to  direct 
the  light  in  certain  cases  of  bad  turns  or 
slopes. 

The  true  solution  of  car  lighting  seemed 
to  be  three  lights — two  side  lights 
to  give  diffused  and  not  glary  light  for 
some  20  yards  each  side  and  in  front, 
one  headlight  to  throw  a  controlled 
and  concentrated  beam  of  light  ahead 
to  the  required  distance. 

Mr.  F.  Newton  (Engineer  to  the 
Automobile  Association  &  Motor  Union) 
was  of  the  opinion  that  before  arriving 
at  the  degree  of  light  restriction  possible, 
consistent  with  safety  to  the  driver  and 
to  other  users  of  the  road,  it  should  be 
agreed  upon  as  to  what  maximum  road 
speed  should  be  considered  as  essential  or 
permissible  when  driving  at  night  under 
favourable  conditions,  from  which  could 
be  readily  determined  the  minimum 
distance  ahead  which  objects  on  the  road 
could  be  safely  picked  up,  and  in  this 
connection  he  suggested  a  speed  of  30 
m.p.h.  and  a  distance  of  80  yards.  With 
these  essentials  agreed  upon,  all  suggested 
dimming  devices  should  be  of  a  nature  to 
permit  of  the  driver  seeing  such  agreed 
distance  ahead  clearly. 

Many  of  the  patented  dimming  devices 
that  had  been  shown  and  demonstrated 
were  very  efficient — in  the  majority  of 
cases  too  much  so.  They  were  also 
expensive  and  not  readily  adaptable  to 
40  or  50  thousand  existing  lamps,  for 
example,  if  required.     On  the  other  hand, 
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there  appeared  to  be  several  simple 
devices  such  as  pyramidical  glass,  frosted 
glass,  frosted  bulb,  etc.,  which  are  readily 
procurable  and  adaptable,  and  which 
from  driving  tests  have  been  found  to 
enable  the  above  conditions  to  be  com- 
plied with,  at  the  same  time  materially 
lessening  glare. 

Mr.  L.  M.  Tye  showed  a  slide,  repro- 
duced below,  which  indicated  the  extent 
to  which  glare  has  been  suppressed  by 
the  use  of  optical  devices  such  as  the 
Macbeth  and  the  Holophane  lenses, 
shown  in  comparison  with  the  blinding 
effect  of  the  modern  unprotected  head- 
light. The  method  of  design  effected 
this  result  without  creating  a  large 
absorption  of  the  light,  the  main  beam 
being  so  refracted  as  practically  to 
eliminate  those  rays  which  emanate  above 
a  horizontal  line. 

Another  slide  illustrated  this  refraction 
in  the  case  of  the  Holophane  lens  more 
clearly  and,  in  addition,  showed  the  way 
in  which  the  beam  is  broadened,  thus 
giving  better  side  way  illumination.  It 
was  interesting  to  note  how  closely  these 
photographic  results  confirmed  the  results 
expressed  in  Captain  Stroud's  actual 
photometric  tests. 

The  design  of  the  Holophane  lens  was 
of  an  interesting  nature.  There  were  a 
series  of  bulls-eye  prisms  in  the  centre  to 
control  the  central  rays.  At  the  sides 
there  were  prisms  to  give  sidewav  spread 
and  below,  surfaces  to  give  distance  to 
the  beam.  A  further  feature  was  the  fin 
affixed  to  these  lenses  about  two-thirds 
the  way  up  which  greatly  assisted  in 
eliminating  the  upward  rays. 


Ordinary  parabolic 
beam. 


Ordinary  beam 

transmitted  through 

Holophane  lens. 


Fig. 


The  Chairman*  (Lt.-Col.  F.  A.  Cortez 
Leigh),  who  explained  that  he  was 
unavoidably  called  away  at  this  .stage  of 
the  proceedings,  expressed  his  apprecia- 
tion of  Mr.  Walsh's  paper,  and  of  the 
contributions  of  various  speakers.  He 
agreed  with  Mr.  Newton  that  it  was 
desirable  to  attempt  to  devise  modification 
which  could  be  applied  to  existing  head- 
lights, with  a  view  to  diminishing  glare. 
The  investigations  being  conducted  by 
the  Ministry  of  Transport  would  be 
watched  with  great  interest,  and  the 
Illuminating  Engineering  Society  would 
be  pleased  to  co-operate  with  the 
Ministry  in  this  and  any  other  enquiries 
concerned  with  lighting. 

Mi.  Leon  Faster  (Hon.  Secretary), 
who  then  occupied  the  chair,  referred  to 
Major  Garrard's  remarks.  The  question 
of  determining  convenient  and  simple 
means  of  testing  the  qualifications  of 
headlights  was  admittedly  not  an  easv 
one,  although  the  introduction  of  simple 
forms  of  illumination  photometers  made 


Ordinary  headlight. 


Ordinary  headlight  with 
Macbeth  lens. 

Fig.  1. 


Ordinary  headlight  with 
Holophane  lens. 
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it  possible  to  test  the  candlepower  of  a 
beam  much  more  readily  than  in  the  past. 
Their  primary  object  in  this  meeting, 
however,  had  been  to  ascertain  the 
precise  conditions  to  be  met  by  a  satis- 
factory headlight.  Having  determined 
these  requirements,  the  next  step  would 
be  to  work  out  a  suitable  method  of 
testing  its  performance. 

Wing-Commander  T.  B.  Gave-Brqwn- 
Cave  (R.A.F.)  said  that  the  effect  of 
dazzle  appeared  to  be  due  mainly  to  the 
fact  that  a  large  amount  of  light  was 
emitted  from  a  relatively  small  area.  He 
thought  that  the  effect  might  be  better 
if,  instead  of  having  two  large  headlights, 
there  were  a  considerable  number  of 
sources,  giving  the  same  total  candle- 
power  but  distributed  evenly  over  the 
front  of  the  car.  If  all  the  upper  part 
of  the  beam  were  cut  off  it  would  cause 
serious  difficulty  on  an  undulating  road 
or  when  passing  a  sharp  corner.  In 
order  to  avoid  the  glaring  effect  of  an 
opposing  powerful  headlight  he  coloured 
a  corner  of  the  wind-screen  a  very  dark 
green  and  managed  to  keep  the  approach- 
ing driver's  headlights  within  this  coloured 
patch.  By  this  simple  device,  which 
only  cost  sixpence,  he  was  able  to  con- 
tinue at  full  speed  without  the  necessity 
of  slowing  down  owing  to  the  dazzle  of 
approaching  lights. 

Mr.  A.  Cuxnixgton  said  he  thought  the 
question  of  the  amount  of  illumination 
required  to  discern  objects  at  a  distance 
required  more  expeiiment  before  definite 
figures  could  be  put  forward,  and  he 
would  be  dad  to  hear  the  results  of  the 
experiments  described  by  Mr.  Dudding. 
The  American  Committee  said  in  para- 
graph (b)  "  there  shall  be  sufficient  light 
to  enable  a  person  or  object  of  substantial 
size  to  be  distinguished  at  a  distance  of 
100  ft.  ahead  of  a  vehicle/'  That 
probably  required  500  to  1,000  c.p. 
giving  illumination  of  "05  ft.  candle  up  to 
-1  ft.  candle.  That  was  the  only  definite 
figure  he  could  find  in  the  Paper.  Later 
there  was  a  suggestion  that  in  Connecticut 
sufficient  light  should  be  provided  to 
discern  an  object  at  150  ft. 

A  figure  he  obtained  in  regard  to  rail- 
way shunting  might  be  of  interest.     A 


truck  was  moved  slowly  out  of  the  dark- 
ness towards  the  light,  and  the  concensus 
of  opinion  amongst  shunters,  porters, 
inspectors  and  various  people,  was  that  an 
illumination  of  01  ft.  candle  was  the 
minimum  at  which  one  could  distinguish 
the  dark  end  of  a  coal  truck  coming 
towards  the  illuminated  area.  He 
measured  the  vertical  illumination  at  the 
point  where  the  truck  became  visible, 
and  if  one  allowed  a  factor  of  safety  of 
10  it  looked  as  if  the  1  ft.  candle  suggested 
by  the  Safety  First  Committee  would  be 
ample  for  distinguishing  a  dark  object 
at  the  distance  of  100  ft. 

Surely  the  candle  powers  mentioned 
by  Captain  Stroud  were  unnecessarily 
great.  It  rather  bore  out  what  was  said 
in  the  Paper  to  the  effect  that  far  too 
powerful  headlights  were  in  compara- 
tively common  use  at  present.  He 
thought  ('apt.  Stroude's  figures  worked 
out  at  something  like  05  foot-candles  at 
a  distance  of  111ft.  There  was  a  con- 
siderable difference  between  that  and  the 
0'1  ft.  candle,  which  latter  figure  was  0"1 
times  more  than  that  actually  obtained 
from  the  moving  trucks  test. 

Mr.  A.  B.  Parxacott  said  he  had 
frequently  averaged  between  20  and  25 
m.p.h.  in  the  dark  unlighted  streets  with 
paraffin  lamps,  and  had  had  no  accidents. 
He  found  he  could  get  protection  from 
the  glare  of  headlights  by  shielding  his 
eyes  with  his  hand.  The  object  of  head- 
lights was  to  illuminate  the  way,  obstacles 
a  lid  pot  holes  in  the  road.  He  had  also 
used  powerful  acetylene  lamps  mounted 
high  above  the  driver  and  found  it  trying 
to  the  eyes.  Better  results  were  obtained 
by  having  the  lights  as  low  as  possible, 
when  the  shadow  of  a  stone  or  pot  hole 
assisted  vision.  If  the  lights  did  not 
illuminate  the  trees,  houses,  etc.,  to  some 
extent  it  was  easy  to  lose  one's  way, 
for  the  profile  or  skyline  seemed  to  play 
an  important  part  in  remembering  a  route. 
In  a  fog  he  preferred  to  be  without  head- 
lights, and  to  have  such  as  paraffin 
lamps  that  would  shine  sideways  on  to  the 
hedges. 

Mr.  H.  H.  Thompson  said  they  had 
somewhat  minimised  the  fact  that  the 
problem  they  had  to  deal  with  was  a 
composite  one  and  could  not  be  solved 
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by  laying  down  any  arbitrary  rules  of 
light.  There  were  three  parties  to  it, 
the  car  driver,  the  on-coming  cur  driver, 
the  pedestrian  and  slow  moving  traffic. 

From  the  driver's  point  of  view,  a  long 
driving  light,  particularly  with  fast  cars, 
was  a  necessity  ;  equally  was  it  necessary 
that  the  light  be  so  controlled  that  passing 
drivers  could  see  without  discomfort. 
The  foot  passenger  and  slow  moving 
traffic  cared  nothing  for  a  long  driving 
light,  but  insisted  upon  a  car  being  lighted 
in  such  a  way  that  no  discomfort  would 
be  experienced  by  the  eye  when  looking 
towards  the  light  at  a  reasonable  distance 
away  from  the  car.  Some  of  the  speakers 
had  dealt  with  the  matter  from  the  car 
standpoint,  but  none  had  referred  to  the 
interests  of  the  pedestrian,  and  the 
opposing  nature  of  the  requirements  of  the 
various  parties  concerned  showed  that 
the  solution  of  the  difficulty  could  only 
be  obtained  by  a  compromise  which 
resulted  in  a  continuation  of  a  long  beam 
with  sideway  distribution  in  conjunction 
with  such  a  control  of  the  harmful  light 
as  to  meet  the  needs  of  the  pedestrian. 
Tf  a  law  were  passed  regulating  the  con- 
trol of  motor  lighting  he  joined  with 
Major  Harwood  in  his  expression  of  the 
difficulty  of  conveying  to  the  officials 
concerned  a  simple  means  of  deciding 
whether  advice  embodying  such  a  control 
was  within  the  law  or  not.  In  the  U.  S.  A. 
almost  every  state  had  a  law  governing 
the  matter,  but  the  difficulty  referred 
to  had  made  it  to  a  large  degree  impossi- 
ble of  enforcement.  Despite  this  how- 
ever the  almost  universal  use  of  special 
lenses  or  other  devices  had  lesulted  in  an 
immense   improvement   generally. 

Mr.  C.  H.  Worsnop  said  that  20  years 
ago  many  of  the  questions  now  being 
discussed  were  already  being  debated  by 
manufacturers.  It  was  said  that  anti- 
dazzle devices  were  necessary,  but  the 
trouble  was  that  there  was  a  general 
demand  for  a  powerful  beam  and  the 
public  would  not  consent  to  the  expense 
of  these  special  devices.  Neither  a  police- 
man nor  any  other  man  could  tell  the 
candlepower  of  a  beam  without  making 
a  measurement.  On  the  other-  hand  he 
could,  by  experience,  decide  when  a  head- 
light was  comfortable  to  pass,  and  he 
(Mr.   Worsnop)   thought   that   this   con- 


dition could  be  met  by  the  use  of  a  simple 
reflector  without  any  special  lens,  lb' 
believed  he  was  the  first  to  make  a  suit 
able  reflector  for  use  with  an  electric 
lamp,  giving  a  beam  of  suitable  carrying 
power,  parabolic  in  the  centre  with  softer 
light  at  the  sides. 

Mr.  A.  W.  Wyatt  remarked  that  the 
impression  of  glare  was  mainly  a  mailer 
of  contrast.  A  lamp  in  Cheapside  would 
not  have  the  same  degree  of  glare  as  it. 
would  when  seen  in  a  dark  country  road, 
and  similarly  a  headlight  might  appear 
dazzling  on  a  dark  night  but  not  so  when 
there  was  bright  moonlight. 

Mr.  L.  Gaster  (Hon.  Secretary)  said 
that  the  difficulties  of  driving  by  night 
were  closely  related  to  the  street-lighting. 
In  London,  as  was  well  known,  the  con- 
ditions of  lighting  lacked  uniformity,  and 
in  the  interests  of  motor-traffic  it  would 
be  a  great  help  if  it  could  be  done  system- 
atically, and  on  a  uniform  basis,  under 
some  central  authority  conversant  with 
the  traffic  requirements.  He  had  fre- 
quently conducted  foreigners  through  the 
streets  of  London  by  night  and  they  had 
invariably  been  amazed  to  find  that 
London  was  not  one  but  many  cities, 
each  having  its  own  different  method  of 
lighting.  The  contrasts  within  the  Lon- 
don area  were  quite  marked,  and  were 
even  more  so  when  one  passed  from 
Greater  London  to  the  suburbs. 

It  seemed  to  him  that  when  approaching 
a  well-lighted  town  motorists  might  well 
diminish  the  brightness  of  their  head- 
lights, or  even  extinguish  them  entirely 
in  a  well-lighted  street  and  rely  entirely 
on  the  side  lights  and  the  street-lighting. 

He  thought  there  was  an  opening  for 
the  more  general  use  of  special  luminous 
direction-signs  by  motorists.  When  he 
had  been  in  the  United  States  lie  had  been 
struck  by  a  device  which  caused  a  warning 
rear  lamp  to  be  lighted  automatically 
when  a  car  stopped  and  began  to  reverse 
its  direction.  In  the  daytime,  a  motorist 
could  give  warning  that  he  proposed  to 
turn  to  the  right  or  left  by  extending  his 
arm.  There  was  a  need  for  a  simple 
luminous  device  to  be  used  by  night. 
He  thought  a  suitable  device  on  the  lines 
indicated  in  Mr.  Walsh's  tenth  query 
(namely,    some  form    of   rear   luminous 
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signal  indicating  when  a  motorist  was 
about  to  slacken  speed,  reverse  gear  and 
travel  backwards,  or  wished  to  cross  the 
road),  would  be  most  useful. 

With  regard  to  the  various  regulations 
of  American  States,  which  Mr.  Walsh  had 
summarised  in  his  paper,  whilst  these 
might  not  be  applicable  in  their  entirety 
he  thought  they  formed  a  comprehensive 
study  of  the  subject,  and  afforded  a  very 
useful  basis  for  discussion.  It  might  not 
%be  possible  to  satisfy  both  drivers  and 
pedestrians  completely,  but' we  ought  to 
be  able  to  do  better  than  at  present.  The 
degree  of  dazzle  that  could  be  tolerated 
by  the  average  eye  could  be  ascertained 
physiologically,  and  the  problem  should 
be  treated  on  this  basis.  There  were  a 
number  of  factors  to  be  considered,  not- 
ably weather  conditions,  and  the  Ministry 
of  Transport  naturally  required  time 
before  coming  to  a  decision.  The  Illu- 
minating Engineering  Society  would  be 
very  glad  to  be  of  assistance  in  their 
enquiries. 

In  conclusion  he  wished  to  express  a 
cordial  vote  of  thanks  to  Mr.  Walsh  for 
having  undertaken  to  open  the  discussion 
at  short  notice,  and  also  to  the  various 
gentlemen  who  had  taken  part  in  the 
discussion  and  exhibited  forms  of  head- 
lights. 

Mr.  E.  S.  Dtjmont  {communicated)  : — 

1  regret  that  I  was  unable  to  be  present 
at  the  reading  of  Mr.  Walsh's  paper  and 
feel  that  we  are  much  indebted  to  him  for 

the  lucid  manner  in  which  he  has  placed 
this  important  matter  before  us. 

In  the  Report  of  the  Committee  of 
the  American  Illuminating  Engineering 
Society,  summarised  by  Mr.  Walsh,  the 
'"  spot  light  "  is  mentioned.  This,  is  a 
lamp  mounted  on  the  side  of  the  wind 
screen  nearest  to  the  driver  and  has  a 
bracket  movable  in  both  horizontal  and 
vertical  planes,  enabling  a  parabolic  beam 
to  be  thrown  in  any  direction.  The  lamp 
is  used  in  conjunction  with  the  two  side 
lights,  the  latter  indicating. the  exteme 
width  of  the  car,  the  spot  light  throwing 
.  a  beam  down  the  road.  This  is  econo- 
mical as  it  eliminates  the  headlights  in 
favour  of  the  smaller  "spot  light."  It 
reduces  the  glare  to  a  minimum,  and  its 
mobility  is  an  important  asset.  For 
instance,  on  dark  roads  it  can  be  directed 


downwards  at  a  sharp  angle  to  the  left 
and  just  ahead  of  the  car  to  mark  the 
edge  of  the  road,  and  it  can  be  used  for 
reading  road  signs  at  night,  distinguishing 
house  numbers,  etc.  Notwithstanding 
all  that  can  be  said  in  its  favour  the 
use  of  such  lights  is  prohibited  under 
Article  2.  Section  VII.  of  the  Motor  Car 
(Users  and  Construction)  Act  of  1904' 
.Much  has  been  done  since  the  date  of  this 
Order  to  improve  illuminating  devices, 
and  it  is  to  be  hoped  that  the  Report 
to  be  submitted  by  the  Committee  on 
Lights  and  Vehicles  will  contain  re- 
commendations which  will  bring  the  new 
regulations  in  line  with  existing  require- 
ments. 

Dr.  H.  R.  B.  Hickman  {communi- 
cated) : — With  regard  to  the  queries  at  the 
end  of  Mr.  Walsh's  paper  I  would 
suggest  : 

(4)  Yes.   this   is  a   dangerous  space. 

(7)  Yes,  this  also  is  a  dangerous  space. 

(9)  Yes.  provided  the  beam  is  suffi- 
ciently wide. 

(11)  I  still  hold  the  opinion  that  there 
is  less  luminous  haze  in  fog  if  the  direction 
of  the  reflected  beam  is  not  immediately 
forward. 

Mr.  J.  W.  T.  WALSH,  in  reply  (com- 
municated) : — I  should  like  to  thank  the 
various  speaker.-,  for  their  remarks  of 
appreciation,  and  to  assure  them  that 
wdiat  has  been  said  to-night  will  be  of 
great  value  to  us  at  the  National  Physical 
Laboratory  if  at  any  time  we  should  be 
called  upon  to  continue  the  work  begun 
on  this  subject  before  the  war. 

I  have  been  very  much  interested  in 
('apt.  Stroud's  figures  giving  the  per- 
formance of  different  types  of  headlights. 
There  does  not  seem  to  be  any  very 
simple  way  of  demonstrating  graphically 
for  a  headlight  the  different  character- 
istics which  are  of  importance  in  forming 
an  idea  of  its  performance  on  the  road. 
The  only  methods  at  present  used  are, 
first,  that  of  the  ordinary  polar  diagram 
and,  second,  and  as  I  think,  better,  the 
diagram  used  by  ('apt.  Stroud.  It  is 
possible  that  a  valuable  method,  in  the 
case  of  the  headlights  such  as  we  have 
had  described,  in  which  the  vertical  dis- 
tribution of  the  beam  has  been  inten- 
tionally distorted,  would  be  the  use  of 
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a  similar  diagram  showing  the  light 
distribution  in  a  horizontal  plane,  or  in  a 
plane  tilted  downwards  one  degree  from 
the  horizontal.  The  most  ready  method 
of  obtaining  such  diagrams  is.  of  course, 
that  of  a  portable  photometer.  As  in  all 
tests  of  projector  sources  it  is  necessary 
to  ensure  that  the  measurements  on 
which  the  curve  is  based  have  been  made 
at  a  distance  from  the  projector  suffi- 
cient to  render  negligible  any  departure 
from  the  inverse  square  law  owing  to 
the  optical  characteristics  of  the  pro- 
jector. 

A  useful  figure  to  have,  in  addition  to 
these  distribution  curves,  is  the  average 
(or  mean  spherical)  candlepower  of  the 
headlight.  This  gives,  in  conjunction 
with  the  same  figure  for  the  bare  lamp. 
a  measure  of  the  proportion  of  light  lost 
in  the  projector. 

In  reply  to  Mr.  Cunnington,  the 
figure  of  illumination  for  visibility  at 
200  ft.,  suggested  as  the  result  of  the 
National  Physical  Laboratory  experi- 
ments, was  01  foot-candle.  The  tests 
described  by  Mr.  Dudding  showed  how 
useful  was  the  off-side  illumination 
suggested  by  several  speakers.  In  pass- 
ing, I  may  say  that  the  figures  of  effective 
candlepower  given  by  Capt.  Stroud  seem 
to  me  to  be  quite  normal.  An  illumina- 
tion of  0-l  ft.  candle  at  100  ft.  means  a 
minimum  effective  candlepower  of  1,000 
candles. 

The  difficulty  about  the  device  sug- 
gested by  Wing-Commander  Cave- 
Browne-Cave  would  appear  to  be  that 
if  the  dark  portion  of  the  screen  lowers 
the  brilliancy  of  the  headlights,  it  must 
also  render  still  less  visible  the  objects 
in  the  vicinity  of  the  car. 

I  cannot  see  how  the  device  suggested 
by  Sir  Lancelot  Hare  can  possibly  be  of 
assistance  at  any  but  short  distances 
from  the  lamp.  It  is  well  known  that  the 
divergence  of  the  beam  from  a  parabola 
with  a  properly  focussed  source  is 
governed  entirely  by  the  ratio  of  the 
linear  dimensions  of  the  source  and  the 
focal  length  of  the  parabola.  The  rays 
leaving  the  bottom  of  the  parabola, 
therefore,  have  the  same  divergence  as 
those  at  the  top,  and  if  the  whole  beam 
from  a  9-inch  light  has  a  total  of  diverg- 
ence of  five  degrees,  the  screen  would 
have  to  be  20x9  inches=15  feet  long 


before  it  would  afiecl  the  upward  spread 
of  the  beam  as  seen  from  a  distance. 

In  conclusion,  1  should  like  to  thank 
once  more  all  those  who,  i>v  taking  part- 
in  the  discussion,  have  helped  to  throw 
light  on  what  is  really  ..  most  difficult 
and  intricate  problem. 


AUTOMOBILE    HEADLIGHTS 
REGULATION. 

By  Clayton  H.  Sharp  and 
W.   E.  Little. 

Dr.  Clayton  H.  Sharp  has  kindly  sent 
us,  since  the  date  of  this  discussion. 
a  copy  of  a  paper  by  himself  and  Mr. 
W.  E.  Little,  which  was  delivered  before 
the  Joint  Meeting  of  the  American 
Institute  of  Electrical  Engineers  and 
the  Illuminating  Engineering  Society  in 
December  last,  and  was  subsequently 
published  in  the  Journal  of  the  Engineer's 
Club  of  Philadelphia.  The  paper  contain^ 
a  review  of  progress  in  this  field  in  the 
United  States. 

There  has  been  much  legislation  with  a 
view  to  diminishing  glare  from  headlights, 
but  it  was  couched  in  indefinite  form. 
and  had  little  effect.  More  definite 
provisions  were  subsequently  made  re- 
quiring that  do  portion  of  the  direct 
reflected  beam  measured  75  ft.  or  more 
ahead  of  the  vehicle,  should  rise  more 
than  42  in.  above  the  level  surface  on 
which  the  vehicle  is  standing.  It  was 
difficult,  however,  to  state  the  exact 
limits  of  the  reflected  beam,  or  to  dis- 
tinguish the  reflected  rays  from  those 
which  come  direct  from  the  lamp  filament. 
It  is  also  recognised  that  if  all  the  beam 
were  so  cut  off  it  would  be  dangerous  for 
driving. 

Attempts  were  made  accordingly  to 
frame  more  scientific  provisions.  In 
St.  Louis,  a  limit  of  glare  was  fixed  at 
1,200  candlepower,  in  Ontario  at  800 
candlepower.  At  this  stage  the  com- 
mittee of  J 1  luminal  ing  Engineering  Society 
in  the  United  States  took  the  matter 
up,  one  primary  problem  being  to 
ascertain  how  much  light  was  required 
for  safe  driving.     The   New   York  State 
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Law,  then  in  course  of  revision,  providing 
that  headlights  must  render  visible  a 
substantial  object  200  ft.  away,  was 
taken  as  the  basis  of  experiment.  Actual 
experiments  on  the  Light  necessary  to  see 
distant  objects  were  made,  about  fifty 
observers  being  employed.  Experiments 
were  conducted  on  a  dark  road.  One 
set  of  headlights  was  set  up  at  the  point 
of  observation  with  a  view  to  ascertaining 
their  value  in  enabling  objects  to  be 
detected  200  ft.  ahead.  A  second  similar 
pair  was  set  up  LOO  ft.  ahead,  facing  the 
observers,  and  to  the  Left,  representing  the 
Lights  on  oncoming  vehicles  and  enabling 
a  judgment  to  be  made  of  their  influence 
in  causing  glare.  Naturally,  for  purposes 
of  visibility,  great  variations  were  re- 
corded. The  lowest  figure  recorded  was 
1,200  candlepower,  the  highest  is.000. 
From  the  standpoint  of  glare  the  lowest 
estimate  of  the  permissible  candlepower 
was  80  candlepower,  the  highest,  800. 

About  this  time  the  Secretary  of  State 
of  New  York  applied  to  the  Committee 
for  specifications  under  which  tests  of 
headlights  could  be  made.  It  was  clear 
that  the  beam  down  the  road  should  not 
have  less  than  1,200  candlepower,  the 
lowest  estimate  recorded  above.  Similarly 
that  the  glare  arising  from  the  lights  of 
an  approaching  car  100  ft.  away  should 
not  be  greater  than  that  caused  by  800 
candlepower,  the  highest  glare  value 
accepted.  Working  on  this  basis  the 
specification  was  drawn  requiring  that 
the  candlepower  of  the  beam  between  the 
horizontal  and  the  road  level  at  a  dis- 
tance of  200  ft.  in  front  of  the  car  should 
not  be  less  than  1,200  ;  and  also,  from 
the  standpoint  of  glare,  restricting  the 
beam  to  800  candlepower  at  a  point  100  ft. 
ahead  of  the  car,  7  ft.  to  the  left  of  the 
axis  of  the  car  and  60  in.  above  the  road 
level.  It  was  also  provided  that  the 
candlepower  directly  in  /rout  of  the  car 
and  60  in.  above  road  level  should  not 
exceed  2,400  candlepower.  This  higher 
value  was  allowed  bearing  in  mind  the 
greater  distance  of  test  (200  ft.  as 
compared  with  100  ft.)  Specifications 
covering  these  limits  were  adopted  by  the 
State  of  New  York  and  have  since  also 
been  adopted  by  the  State  of  California. 
The  Committee,  however,  have  always 
felt  that  even  this  value  might  with 
advantage   be  exceeded,  and  have  more 


recently  recommended  4,800  candlepower 
as  the  minimum.  Further,  bearing  in 
mind  the  need  for  revealing  pedestrians 
on  the  road,  and  the  curb,  and  possibly 
ditches,  it  seems  desirable  that  the 
light  on  the  right  hand  side  should  also  be 
specified  and  accordingly,  the  minimum 
value  measured  100  it.  ahead  and  7  ft. 
to  the  right  of  the  axis  of  the  car  has  been 
given  as  1,200.  The  State  of  Connecti- 
cut has  adopted  these  latest  recommenda- 
t ions,  while  the  State  of  Pennsylvania 
has  adopted  the  New  York  State  Law, 
except  that  a  minimum  of  800  candle- 
power  is  required  100  ft.  ahead  of  the  car 
a  nd  7  ft.  to  the  right.  There  are  thus  four 
States  which  have  adopted  the  Com- 
mittee's ideas  either  in  toto  or  in  a  modified 
form,  and  ultimately  from  the  experience 
so  gained  a  model  headlight  law  should  be 
developed  with  interstate  standardisa- 
tion. 


CHEVREULS  WORK  ON  COLOUR. 

We  liave  received  from  Prof.  C.  M. 
( Lariel,  of  Paris,  some  interesting  informa- 
tion relating  to  the  work  of  Chevreul  on 
colour,  some  of  which  was  summarised 
in  a  work  by  him  published  as  far  back 
as  L864,  and  entitled  Des  Couloirs  et  de 
leurs  applications  aux  Arts  Industriels  a 
Vaide  des  circles  chromatiques.  This  work, 
we  understand,  was  issued  in  atlas- form, 
and  served  as  a  comprehensive  guide  to 
colour,  by  which  any  tint  could  be 
identified.  As  coloured-plates  of  this 
description  are  liable  to  change  in  course 
of  time,  Chevreul  also  reproduced  the 
series  in  porcelain  and  the  collection, 
Prof.  Gariel  believes,  is  still  at  the 
Conservatoire  des  Arts  et  Metiers  in 
Paris.  In  appears  that  there  also  exists 
a  collection  of  colours  in  worsted  originally 
utilised  by  a  company  for  the  manu- 
facture of  gobelins,  of  which  Chevreul 
was  a  director.  In  view  of  the  early 
date  of  these  researches  the  existence 
of  such  standard  series  of  colours  is 
most  interesting,  especially  in  connection 
with  the  recent  discussion  on  the  subject 
of  colour-matching  before  the  Illuminat- 
ing Engineering  Society. 
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A    SURVEY    OF    INDUSTRIAL    LIGHTING,    Etc.* 

Bv  R.  0.  Eastman. 


The  paper  gives  an  account  of  a  com- 
mercial investigation  in  the  lighting  field, 
and  summarises  the  results  of  inquiries 
in  fifteen  States  in  America,  conducted 
for  the  National  Lamp  Works.  The 
survey  covered  a  great  variety  of  different 
classes  of  industrial  enterprise,  the  largest 
proportion  (16T  per  cent.)  being  textile, 
knitted  goods  and  clothing,  while  food 
and  toilet  products  (9-4  per  cent.),  general 
machinery  (8-9  per  cent.),  lumber  and 
woodworking  (98-5  per  cent.),  and  iron 
and  steel  (7-2  per  cent.)  form  the  next 
highest  components. 

Throughout  the  investigation  the 
attempt  was  made  by  interviews  with 
heads  of  business,  managers,  etc.,  to  find 
out  information  and  statistics  on  a 
number  of  points  of  great  interest,  such 
as  the  extent  to  which  modern  and 
efficient  lighting  was  adopted,  and  if  not 
why  not  ;  the  views  held  regarding  the 
advantages  of  good  lighting  installed  ; 
the  percentage,  of  hours  worked  under 
artificial  light,  etc.  The  experience  is 
summarised  in  a  series  of  diagrams,  some 
of  which  are  reproduced. 

One  of  the  most  interesting  sections 
is  that  illustrated  in  the  three  circular 
diagrams,  Figs.  1 — 3.     The  first  of  these 

*  Abstract  of  a  paper  appearing  in  the 
Transactions  of  the  Illuminating  Engineering 
Society  (U.S.A.),  February-  10th,  1920. 


shows  the  percentage  of  men  interviewed 
who  were  respectively  intelligently  in- 
formed, vaguely  informed,  and  ignorant 
on  efficient  industrial  lighting.  That 
44-5  per  cent.,  or  nearly  half,  were  found 
to  be  well  informed  is  a  tribute  to  the 
methods  of  propaganda  adopted  in  the 
United  States  ;  but  as  20  per  cent,  were 
apparently  entirely  uninformed  on  the 
subject  there  is  evidently  room  for 
further  effort.  Fig.  2  shows,  in  the  same 
way,  the  relative  importance  attached  to 
artificial  lighting  according  to  the  judg- 
ment of  men  interviewed.  Here  more 
than  half  of  the  interviews  revealed  an 
appreciation  that  lighting  was  vitally 
im  ]  lortant.  Fig.  3  is  interesting,  as  show- 
ing the  extent  to  which  regular  cleaning 
and  maintenance  was  adopted.  Only 
22-4  per  cent,  of  cases  showed  that 
regular  cleaning  was  practised. 

Other  interesting  diagrams  are  of  value 
to  the  salesman  in  showing  who  is  the 
authority  who  deals  with  lighting,  and  is 
therefore  the  man  to  be  approached.  In 
most  cases  this  falls  within  the  province 
of  the  general  manager  (36"4  per  cent.). 
Supplementary  to  this  is  a  table  showing 
in  what  quarters  the  firm  would  naturally 
seek  information  on  lighting  changes. 
The  electrical  retailer  and  jobber  between 
them  account  for  rather  more  than  half, 
the    consulting    architect    or    engineer 


Fig.    1. — Knowledge    of     nun 

interviewed  regarding  efficient 

Industrial  Lighting. 

o/ 
/o 

A.  Well  informed  .  .      44-5 

B.  Vaguely    informed  .  .      36-4 

C.  Not  informed  . .     20-1 


Fig.  2.— Importance  of  Arti- 
ficial Lighting  to  the  Business 
according  to  judgment  of  men 

interviewed.  % 

A.  Vitally  important  . .  55-4 
]>.  Moderately  important  31*6 
C.  Of  little  importance  .     130 


Fig.  :;. 


-Cleaning  of  Lighting 
Appliances. 


A.  Cleaned  regularly 

B.  Gleaned  irregularly  .. 

C.  ( 'leaned  frequently    .  . 
i).  Cleaned  infrequently 


/o 
22-4 
37-3 

6-3 
34 
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figuring  next  with  13*2  per  cent.,  and  the 
centra]  station  with  72  per  cent.  Only 
71  per  cent.  Leave  ma  tters  to  their  own 
electrician,  and  only  5*9  per  cent,  to  their 
own  architect  or  e  ngineer.  Summing  up, 
the  author  shows  that  72  per  cent,  would 
go  to  either  their  own  electrical  dis- 
tributor or  some  one  connected  with  their 
own  organisation.  It  is  remarked  that 
of  44b'  institutions  visited,  the  average 
cost  of  lighting  during  the  summer  months 


and  fair  respectively.  On  the  whole, 
only  40  per  cent,  of  the  manufacturing 
plants  visited  had  lighting  that  could  be 
considered  good,  and  better  illumination 
was  needed  in  the  remaining  60  per  cent. 
of  cases. 

In  this  connection  Fig.  5  affords  a  clue 
to  the  reasons  why  improved  lighting  is 
not  adopted.  It  will  be  noted  that  by  far 
the  greater  proportion  (70-8  per  cent.) 
did  not  seek  improved  illumination,  be- 


Excellent . 
Good. 

Fair. 
Poor. 

Very  Poor. 

Partly  Good   i 

Partly  Poor.    | 


lO 
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8-7% 


13  5 


7-8  °/0 


16  8 


40 


3  2  % 


2,  9-1% 


10% 


Fig,   j       pp   •>  >  condition  of  lighting  in  plants  visited. 


was  S216  (approximately  £50)  per  month 
and  in  winter  $613  (approximately  £150) 
per  month. 

Perhaps  the  most  useful  diagram  pre- 
sented i-  that  shown  in  Pig.  I.  which 
estimates  the  presenl  condition  of  lighting 
facilities,  and  thus  gives  a  good  indication 
as  to  prospects  of  improvement.  Only 
about  9  percent,  were  ranked  as  excellent 
in  regard  to  lighting,  but  32  per  cent. 
and  29  per  cent,   wre  considered  good 


cause  thev  were  satisfied  with  the  existing 
lighting.  In  other  words,  there  is  evident 
need  of  further  educational  measures  to 
raise  the  judgment  of  what  constitutes 
good  lighting  to  a  higher  level. 

One  other  point  deserving  notice  dealt 
with  in  this  paper  is  the  proportion  of 
time  worked  under  artificial  light  in 
different  industries.  The  time  varied  by 
artificial  light  from  about  5  per  cent,  (in 
17  per  cent,  of  plants)  to  95  per  cent,  in 


0    9  0    100  % 


Satisfied. 

Best  lighting  not  required. 

Appreciate  need,  but   slow  in  ) 
getting  started.  I 

Rent  plant,  about  to  move.  etc. 

Never  thought   of  it. 

other  Reasons. 


Fig.  5.— Explanation  offered  for  failure  to  adopt  efficient 
Industrial  Lighting. 
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Increase  in  Production. 

Decrease  of  Spoilage. 

Prevention  of  Accident-. 

Improvement  of  Discipline. 

Improvement  of  Hygienic  con-  | 
ditions.  i 


Fig.  6. — Appraisal  by  manufacturers  of  advantages  to  be 
derived  from  efficient  Industrial  Lighting. 


about  3  per  cent,  of  plants,  the  majority, 
about  70  per  cent.,  working  less  than 
half  time  on  artificial  light.  The  average 
amount  of  work  done  under  artificial 
light  appears  to  be  roughly  25  per  cent. 

Finally,  we  give  in  Fig.  6  the  author's 
summary  of  testimony  as  to  the  advan- 
tages to  be  derived  from  good  lighting. 
Curiously  enough,  the  importance 
attached  to  the  factors  of  increased  pro- 
duction, less  spoilage,  prevention  of 
accidents,  improvement  of  discipline  and 
improvement  of  health  is  almost  exactly 


in  the  ratio,  of  SO,  70,  60,  50  and  40  per 
cent. — a  useful  indication  to  the  salesmen 
of  the  points  to  be  chiefly  emphasised  in 
approaching  manufacturers. 

In  the  course  of  the  discussion  Mr. 
Eastman  was  asked  whether  he  had 
much  trouble  in  obtaining  this  informa- 
tion, but  replied  that  no  great  difficulties 
had  been  experienced,  most  of  the 
managers  interviewed  being  willing  to 
talk  about  their  lighting,  as  something 
in  which  they  had  a  direct  personal 
concern. 


INDUSTRIAL   LIGHTING    AS    AN    AID 
TO   MASS  PRODUCTION. 

In  on  article  in  the  Electrician  ~Slv. 
L.  Gaster  recently  emphasised  the  im- 
portant part  played  by  lighting  in  con- 
nection with  mass  production.  This 
mode  of  manufacture  may  involve  work 
on  the  "'  three-shift  "  principle,  so  as 
to  get  the  utmost  output  from  the 
available  plant  and  working  area.  The 
system,  however,  will  only  give  good 
results  if  the  artificial  lighting  is  satis- 
factory so  that  work  can  proceed  with  the 
-a  me  efficiency  by  night  as  by  day. 
On  the  other  hand  the  Home  Office 
Departmental  Committee's  report  (1915) 
showed  that  the  accident  rate  is  in  general 
greater  by  artificial  light  than  by  daylight, 
so  that  factory  lighting  is  evidently 
capable  of  improvement.  The  tests  made 
by  the  Commonwealth  Edison  Company 
in  Chicago  showed  that  increases  in 
productive  power  of  8-27  per  cent,  were 
secured   by  an  increase  in  illumination 


from  4-12  feet-candles,  and,  according 
to  these  tests,  an  increased  expenditure 
on  lighting  equivalent  to  5  per  cent, 
of  the  wages-roll  would  increase  output 
by  quite  15  per  rent.  A  diagram  is 
presented  showing  that  in  a  typical 
machine  shop  the  cost  of  lighting  formed 
only  1  per  cent,  of  the  cost  of  labour  and 
only  0"3  per  cent,  of  the  total  cost  of 
production.  Even  a  small  gain  in 
efficiency  following  improved  lighting 
would  therefore  pay  for  the  extra  cost 
of  improved  illumination.  In  mass  pro- 
duction there  is  usually  an  effort  to 
standardise  parts  and  render  them  inter- 
changeable. The  whole  process  may 
thus  be  upset  if,  owing  to  faulty 
lighting,  parts  are  inaccurately  made. 
Again,  in  a  factory  where  each  process 
of  manufacture  follows  like  clock-work 
on  a  predetermined  system  any  accident 
or  interruption  of  the  chain  of  operations, 
such  as  might  easily  arise  through 
inadequate      lighting,     is      particularly 
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THE  FOUNDATION  OF  AN  INSTITUTE 
OF  PHYSICS. 

The  need  has  long  been  felt  for  a  cor- 
porate body  analogous  to  the  Institute 
of  Chemistry  which  would  represent  the 
profession  and  strengthen  the  position  of 
workers  engaged  in  physics,  and  which 
would  also  form  a  bond  between  the 
various  societies  interested.  It  is  one  of 
the  aims  of  the  new  Institute  of  Physics 
to  secure  recognition  of  the  position  and 
value  of  the  physicist.  The  Institute  has 
been  founded  by  the  co-operation,  in  the 
first  instance,  of  The  Faraday  Society, 
Th"  Optical  Society  and  The  Physical 
Society  of  London,  and  the  first  Board  is 
constituted  from  representatives  ap- 
pointed by  the  (  iouncils  Of  t  beSB  Societies. 
ft  is  hoped  that  in  the  course  of  time 
other  Societies  will  associate  themselves 
with  the  Institute.  Members  of  the 
Institute,  who  are  also  members  of  more 
than  one  of  the  co-operating  Societies, 
will  obtain  a  reduction  to  the  subscription 
to  those  Si  icii  ties. 

There  will  be  three  classes  of  members  : 
Ordinary  Members,  Associates  (A.Inst. P.), 
and  Fellows  (F.Inst.P.).  Only  the  two 
latter  classes,  membership  of  which  will 
reqiiire  full  professional  qualifications, 
will  be  Corporate  Members.  The  Institute 
has  already  received  promises  of  support 
from  leading  physicists,  and  the  initial 
expenses  are  covered  by  a  Guarantee 
Fund  amounting  to  over  £1,200. 

The  first  President  of  the  Institute  is 
Sir  Richard  Clazebrook,  K.C.B.,  F.R.S.  ; 
Sir  Robert  Hadfield,  Bart..  F.R.S.,  is 
Treasurer  ;  and  Professor  A.  W.  Porter, 
F.R.S.,  Honorary  Secretary.  The  other 
members  of  the  Board  are  :  Dr.  H.  S. 
Allen,  Inst. -Commander  T.  Y.  Baker, 
R.N.,  Professor  F.  J.  Cheshire,  C.B.E., 
Dr.  R.  S.  Clay,  Mr.  W.  R.  Cooper,  Pro- 
fessor W.  H.  Eccles,  Major  E.  O.  Henrici, 
Dr.  C.  H.  Lees,  F.R.S. ,  Mr.  C.  C.  Paterson, 
O.B.E.,  Major  C.  E.  S.  Phillips,  Dr. 
E.  H.  Rayner,  Mr.  T.  Smith,  and  Mr. 
R.  S.  Whipple. 

Mr.  F.  S.  Spiers  has  been  appointed 
Secretary  to  the  Institute,  and  further 
particulars  and  Forms  of  Application  for 
Membership  may  be  obtained  from  him 
at  10,  Essex  Street,  Strand,  W.C.2. 


THE    UNIVERSITY  OF   MANCHESTER. 

Funds  for  Increased  Equipment  and 
Accommodation  urgently  needed. 

An  appeal,  framed  on  novel  lines, 
is  being  issued  by  the  University  of 
Manchester  for  funds  to  facilitate  an 
extension  of  work  and  new  equipment. 
The  appeal  takes  the  form  of  a  model 
prospectus  entitled  "  Lancashire  Develop- 
ment Unlimited,"  with  a  capital  of 
£500,000  (425,000  cumulative  participat- 
ing ordinary  bonds  of  £1  each  and 
1,500,000  cumulative  participating 
people's  bonds  of  one  shilling),  and  each 
citizen  is  earnestly  invited,  by  taking 
up  bonds,  to  equip,  endow  and  enrich  the 
work  of  the  University. 

An  account  is  given  of  the  past  work 
of  the  University,  which  has  already 
played  an  important  part  in  the  educa- 
tional scheme  of  this  country,  and  is 
specially  adapted  to  the  needs  of  Lanca- 
shire with  its  important  local  industries. 
Of  the  money  required  £171,000  is  to  be 
absorbed  by  various  specified  objects, 
including  the  cost  of  and  equipment  of 
the  New  Arts  Building,  dealing  with 
languages,  literature,  history  and  philoso- 
phy ;  the  purchase  of  two  houses  for 
women's  hostels,  and  the  endowment 
of  three  new  chairs  (already  established) 
in  Mathematics,  French  and  Psychology, 
while  two  additional  chairs  in  Russian 
and  Italian  are  proposed.  Expenditure 
is  also  needed  in  the  reconstruction  and 
equipment  of  the  scientific  departments 
and  in  providing  for  depreciation  during 
the  war,  notably  in  teachers  and  equip- 
ment for  advanced  study  and  research, 
in  connection  with  which  the  degree  of 
Ph.D.  has  recently  been  established. 

No  words  are  required  to  emphasise  the 
importance  of  encouraging  the  develop- 
ment of  education  and  research  in  this 
country,  and  we  trust  that  the  appeal 
will  meet  with  a  generous  response. 
Forms  of  application  can  be  obtained 
from  the  Organising  Secretary,  Mr.  <  !eo. 
A.  Marriott  (9,  Albert  Square,  Man- 
chester). 


EXTENSION  OF  THE  USES  OF  RUBBER. 

The  Rubber  Growers'  Association  have 
decided  to  offer  £5,000  as  prizes,  in  the 
form  of  a  competition  for  ideas  as  sug- 
ge  i  ions  for  •  xtending  the  present  uses  or 


for  encouraging  new  uses  of  rubber. 
There  is  one  prize  of  £1,000,  three  of  £500. 
ten  of  £100  and  the  remaining  £1.500 
will  be  allocated  according  to  the  value 
of  suggestions.  Particulars  are  obtain- 
able from  the  Rubber  Growers'  Associa- 
tion, 38,  Eastcheap,  London.  E.C.3. 
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TOPICAL     AND     INDUSTRIAL    SECTION. 

[The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will, 
it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  ot  all 
bona-fide  information  relating  thereto.] 


MESSRS.   SIEMENS  BROTHERS    &    CO. 
LTD. 

New  Arrangements  for  Lamp  Supplies. 

Messrs.  Siemens  Brothers  &  Company 
Limited  inform  us  that  they  are  taking 
over  the  Lamp  and  Supplies  Department 
of  Messrs.  Siemens  Brothers  Dynamo 
Works  Limited.  The  Company  is  also 
making  provision  for  a  largely  increased 
output  in  metal  filament  lamps,  which 
will  be  sold  henceforth  by  the  Company 
under  the  distinctive  trade  name  of 
"  XCEL."  This  trade  name  will  apply 
to  all  types  of  metal  filament  lamps  manu- 
factured by  the  Company,  which  include 
the  following  :  Standard  Vacuum  Lamps  ; 
Half-Watt  Lamps  ;  Automobile  and 
Battery  Lamps  (Vacuum  and  Gras-filled)  ; 
Helicai  Filament  Traction  Lamps  which 
have  been  designed  specially  to  meet  the 
requirements  of  Electric  Tramways  and 
Railways  and  for  use  in  workshops  and 


factories    where    lamps    are    subject    to 
severe  vibration. 

As  from  1st  June,  1920,  Messrs.  Siemens 
Brothers  &  Co.  Ltd.  will  conduct  the 
business  in  Lamps  and  Supplies  from  the 
same  addresses  in  London  and  the 
Provinces  as  hitherto,  where,  in  addition 
to  fittings  and  lighting  supplies,  attention 
will  be  given  to  inquiries  regarding  the 
whole  of  the  material  manufactured  by 
the  Company  at  its  Woolwich  Works, 
such  as  wires,  cables,  stannos  wires. 
telephone  and  telegraph  apparatus,  fluid 
and  dry  cells,  flashlamp  and  torch 
batteries.   &c,  &c. 

The  Company's  Showrooms  at  3S-39, 
Upper  Thames  Street,  London,  E.C., 
have  been  redecorated  and  refitted,  and  all 
bona  fide  trade  buyers  are  invited  to  call. 

We  are  asked  further  to  remind  the 
Trade  that  the  advice  of  the  Illuminating 
Engineering  Department  of  the  Company 
is  at  the  disposal  of  contractors  to  a 
them  in  the  development  of  any  lighting 
schemes  which  they  may  have  in  hand. 
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ENGLISH    ELECTRIC    SUPPLIES,    LTD. 

Purchase  of  Business  of  The 
Britannia  Lamp  and  Accessories 
Co.,    Ltd. 

We  are  informed  that  English  Electric 
Supplies,  Ltd.  (Brook  House,  191  and  192, 
Tottenham  Court  Road,  London,  W.l) 
have  purchased  the  business  of  The 
Britannia  Lamp  and  Accessories  Co.  Ltd. 
(of  Britannia  House,  48,  Milton  Street, 
London,  E.G. 2).  together  with  stocks, 
patents,  trade  marks,  etc.,  and  have  the 
advantage  of  retaining  the  entire  staff, 
both  in  London  and  the  Branch  Offices. 

The  business  will  be  carried  on  on  the 
same  lines  as  formerly,  and  with  the 
same  products,  with  the  addition  of  new 
electrical  devices  to  l><-  shortly  placed 
upon  1 1n-  market. 

All  communications  should  be  ad- 
dressed to  Brook  House,  191  and  192, 
Tottenham  Court  Road,  London,  W.l 
Britannia  House  being  retained  only  as  a 
warehouse,  to  which  goods  should  be 
sent  as  formerly,  unless  contrary  instruc- 
tions are  given. 

It  is  stated  that  the  removal  of  the 
office  has  given  considerably  increased 
warehouse  accommodation. 

All  orders  unexecuted  and  all  obliga- 
tions entered  into  by  the  Britannia  Lamp 
and  Accessories  Co.  Ltd.  will  be  taken 
over  by  English  Electric  Supplies,  Ltd. 

ELECTRIC    LAMPS    FOR     MOTOR-CAR 
HEADLIGHTS. 

The  importance  of  accurate  manufac- 
ture, both  as  regards  the  construction  of 
filament  and  complete  exhaustion  of  the 
bulb,  and  also  as  regards  standard 
dimensions,  is  of  great  importance  in 
connection  with  lamps  intended  for 
motor-car  headlights. 

Our  attention  has  been  drawn  to  the 
"  Lamp  Bulb  Guide  for  Car  Lighting," 
issued  by  the  British  Thomson-Houston 
Co.  Ltd.,  in  which  the  various  types  of 
Mazda  lamps  art1  completely  described 
and  illustrated,  and  full  particulars  are 
given  of  voltage,  watts  and  ampere 
rating.  The  booklet  also  contains  an 
alphabetical  list  of  British,  European  and 
American  cars  and  motor-cycles  in  use 
in  the  United  Kingdom,  with  information 


which  enables  the  correct  lamps  to  be 
selected  for  headlights,  sidelights  or  tail 
lights  of  any  one  of  the  models  shown. 
Copies  of  the  handbook  (Xo.  3-A)  can  be 
obtained  on  application  to  the  British 
Thomson-Houston  Co.  Ltd.,  077,  Upper 
Thames  Street,  London,  E.C.4. 

B.T.H.  EXTENSION   AT  CARDIFF. 

The  British  Thomson-Houston  Com- 
pany have  for  many  years  dealt  with  a 
large  volume  of  business  through  their 
Cardiff  office.  Since  the  war,  however, 
this  business  has  greatly  increased,  and 
we  understand  that  the  local  office, 
although  well  organised  and  equipped 
has,  owing  to  restricted  storage  accom- 
modation, found  it  impossible  to  cope 
satisfactorily  with  the  increased  demand. 

Accordingly  the  B.T.H.  Co.  have 
acquired,  and  now  occupy,  much  larger 
premises  at  7,  Park  Place,  a  few  doors 
from  the  old  address.  The  telephone 
number  remain-  as  befor< — Cardiff  4392. 
At  the  new  office  it  will  be  possible  to 
hold  considerably  larger  stocks  than 
heretofore,  especially  in  the  case  of 
the  many  forms  of  lighting  apjiliances 
and  accessories. 

This  increased  storage  capacity  will, 
it  is  hoped,  ensure  the  immediate  ful- 
filment of  all  orders  for  Mazda  Vacuum 
and  Half-Watt  type  lamps,  B.T.H. 
Fittings  and  other  standard  lighting 
materials,  and  generally  facilitate  every 
phase  of  the  Company's  business  in 
South  Wales. 

RONTGEN-RAY    APPARATUS. 

The  Sunic  Record  for  March  contains 
some  useful  notes  on  diathermy  appara- 
tus, the  Coolidge  tube,  and  progress  in 
radio-metallography  and  a  discussion  of 
the  relative  merits  of  the  transformer  and 
the  induction  coil.  Attention  is  drawn 
to  the  Sunic  fluorescent  screens  manu- 
factured by  Messrs.  Watson  &  Sons.  Ltd. 
(43,  Parker  Street,  Kingsway,  W.C.2), 
which  beside  being  exceptionally  sensi- 
tive to  X-rays,  are  stated  not  to  de- 
teriorate with  constant  hard  use  in  the 
same  manner  as  platino-cyanide  screens, 
besides  having  the  advantage  that  there 
is  no  after-phosphorescence. 
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EDITORIAL. 


The  Artificial  Lighting  of  Churches. 

Early  in  the  history  of  this  Journal  we  published  a  series  of  articles 
dealing  with  the  lighting  of  churches.  Since  that  date  considerable  advances 
in  methods  of  lighting  have  been  rendered  possible  by  the  introduction  of 
new  lamps,  such  as  those  of  the  gas-filled  type.  It  has  also  become  necessary 
to  guard  against  various  defects,  notably  the  exhibition  of  bright  lights 
within  the  range  of  view  of  the  congregation — a  practice  which  is  much  more 
objectionable  with  modern  illuminants  than  with  the  old  lamps,  candles, 
or  flat-flame  gas  burners  available  in  the  past. 

In  his  paper  on  this  subject  before  the  Illuminating  Engineering  Society 
(see  pp.  141-157)  Mr.  John  Darch  rightly  lays  stress  on  the  avoidance  of 
glare  as  one  of  the  chief  considerations  in  church  lighting.  Other  points 
mentioned  include  the  provision  of  sufficient  illumination  to  enable 
worshippers  to  read  bibles  or  hymn-books  or  otherwise  take  part  in  the 
service,  the  need  for  separate  appropriate  lighting  of  the  pulpit,  and  the 
desirability  of  adjustability  in  the  lighting  arrangements  so  that  the 
illumination  can  be  varied  according  to  the  nature  of  the  service. 
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We  are  in  full  agreement  with  these  principles.  We  are  all  aware 
how  distracting  it  is  for  the  congregation  to  be  faced  by  bright  unshaded 
lights  at  a  low  level  when  listening  to  the  preacher,  especially  if  these 
lights  are  in  the  vicinity  of  the  pulpit.  It  is  also  evident  that  sufficient 
illumination  must  be  provided  for  reading,  and  we  should  like  to  enter 
a  strong  plea  for  the  abolition  of  the  very  small  type  used  in  pocket  editions 
of  the  testament,  prayer  books,  etc.,  which  renders  continuous  reading 
a  strain,  even  when  the  illumination  is  good,  and  especially  in  the  case  of 
young  children.  The  importance  of  flexibility  in  the  system  of  lighting  is 
well  recognised.  In  most  churches  the  lights  are  turned  down  during  the 
sermon,  and  the  area  to  be  lighted  may  vary  much  according  to  the  nature 
of  the  service  and  the  size  of  the  congregation.  Initial  expenditure  on  a 
liberal  provision  of  cocks  and  switches  and  sub-division  of  lighting  is  thus 
well  repaid  by  economy  in  consumption  of  gas  or  electricity. 

Having  conceded  these  principles,  which  apply  to  the  majority  of 
places  of  worship  in  this  country,  it  should  be  added  that  they  require  broad 
interpretation.  In  those  cases  where  the  congregation  take  little  part  in 
the  service,  which  is  conducted  by  the  priest  and  his  assistants,  the  amount 
of  illumination  needed  throughout  the  church  is  naturally  less,  and  in  large 
cathedrals  the  provision  of  a  uniform  illumination  sufficient  for  reading 
would  present  some  difficulties.  Some  of  the  examples  mentioned  in  the 
discussion  also  show  how  greatly  methods  of  lighting  are  influenced  by 
traditions  and  by  special  religious  considerations.  In  churches  of  historic 
interest  and  distinction  an  excellent  opportunity  is  often  provided  for  the 
attainment  of  dignified  and  impressive  lighting  effects  which  add  to  the 
beauty  of  the  interior,  and  in  such  cases  the  lighting  fittings  should  be  so 
designed  as  to  be  in  harmony  with  the  architectural  features  of  the  buildings. 
Viewed  from  this  standpoint  the  use  of  unduly  glaring  lights  is  objectionable, 
as  it  spoils  the  view  of  the  interior  as  a  whole,  and  may  give  rise  to  harsh 
and  inartistic  shadow-effects.  In  some  churches  the  light  colour  of  the 
surroundings,  and  the  positions  of  pillars,  roof,  arches,  etc.,  lend  themselves 
well  to  the  use  of  concealed  methods  of  lighting.  It  is  sometimes 
advantageous  to  utilise  the  form  of  lighting  for  the  purpose  of  accentuating 
the  illumination  on  one  part  of  the  church  {e.g.,  the  Altar  and  Choir),  so 
that  the  attention  of  worshippers  is  naturally  directed  thereto.  Cases  also 
occur  where  local  lighting  may  be  applied  to  reveal  some  treasured  monu- 
ment or  memorial. 

We  entirely  endorse  the  claim  made  by  Mr.  Darch  that  in  places  of 
worship  the  lighting  should  be  designed  for  the  comfort  of  the  congregation 
as  carefully  as  in  a  place  of  education  or  entertainment.  It  should  at  least 
be  possible  to  avoid  instances  of  the  misuse  of  light,  such  as  the  incorrect 
placing  of  lights  in  positions  liable  to  inconvenience  the  eyesight  of  the 
congregation.  We  are  aware  that  in  many  cases  the  small  funds  allotted 
make  it  difficult  to  secure  really  adequate  lighting.  We  should,  however, 
like  to  urge  on  authorities  the  very  important  part  played  by  illumination 
in  a  place  of  worship,  and  the  advisability  of  making  grants  for  this  purpose 
in  circumstances  where  the  local  funds  are  insufficient. 
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The  Brussels  Congress  of  the  Royal  Institute  of  Public  Health. 

The  Congress  of  the  Royal  Institute  of  Public  Health,  held  in  Brussels 
during  May  19th — 24th,  was  a  pleasing  reminder  of  the  recuperative  powers 
of  Belgium,  which  is  already  playing  its  part  as  a  centre  for  the  inter- 
national consideration  of  scientific  problems,  as  in  the  days  preceding  the 
war.  The  writer  has  a  keen  recollection  of  the  Congres  International  des 
Maladies  Professionelles  held  in  Brussels  in  September,  1910,  which  proved 
to  be  the  starting-point  for  investigations  in  several  countries  on  industrial 
lighting  in  relation  to  health.  It  is  interesting  to  recall  that  at  the 
Congress  of  the  Royal  Institute  of  Public  Health,  which  took  place  in 
Paris  in  May,  1913,  consideration  of  illumination  also  played  an  important 
part  in  the  proceedings  of  the  newly-formed  Section  of  Industrial  Hygiene. 

The  present  Congress  was  opened  by  the  President,  Lord  Leverhulme, 
who  gave  an  inspiring  address  in  the  presence  of  a  distinguished  gathering, 
which  included  H.M.  the  King  of  the  Belgians,  under  whose  patronage 
the  Congress  was  held.  Subsequently  the  new  President,  the  Rt.  Hon. 
Viscount  Sandhurst,  gave  an  admirable  review  of  the  scope  and  functions 
of  the  Congress.  These  addresses  were  followed  by  the  presentation  of  a 
number  of  valuable  papers,  those  in  the  section  of  industrial  hygiene, 
presided  over  by  Sir  Thomas  Oliver,  being  naturally  of  special  interest 
to  us.  Several  of  these  took  up  the  threads  of  discussion  initiated  at 
the  Paris  Congress  in  1913.  The  question  of  nystagmus,  for  example, 
which  figured  largely  at  the  former  Congress,  was  again  taken  up  by 
Dr.  Llewellyn,  Dr.  Stassen,  and  others,  and  the  writer  had  again  the 
pleasure  of  reading  a  paper  on  Industrial  Lighting,  from  the  standpoint 
of  hygiene  and  safety.  The  opportunity  was  taken  to  point  out  the  great 
need  for  international  co-operation  in  dealing  with  both  these  two  subjects. 
Already,  on  the  occasion  of  the  recent  discussion  before  the  Illuminating 
Engineering  Society  on  Lighting  Conditions  in  Mines,  this  was  shown  by 
the  valuable  statistics  contributed  by  Dr.  Stassen  of  Liege,  whose  researches 
afforded  information  on  various  points  presenting  difficulties  to  investigators 
in  this  country.  Similarly  in  regard  to  industrial  lighting,  we  have  a 
problem  which  is  broadly  the  same  all  over  the  world,  the  conditions  of 
lighting  required  for  the  execution  of  specified  industrial  operations  being 
substantially  similar  in  all  civilised  countries. 

It  would  therefore  be  of  great  assistance  if  experts  in  these  countries 
could  compare  experiences  and  arrive  at  a  common  basis  of  action.  Joint 
investigations  would  be  particularly  useful  in  securing  statistical  data 
on  the  conditions  of  lighting  most  suitable  for  the  prevention  of  accidents, 
the  relation  between  illumination  and  output,  etc. 

In  the  important  matter  of  regulations  on  lighting  in  factories  and 
workshops,  as  we  have  previously  shown,  international  action  would  be 
most  fruitful  in  promoting  a  common  basis  of  working.  It  will  be  recalled 
that  in  Belgium  a  movement  towards  the  appointment  of  a  committee  to 
study  this  problem  was  already  on  foot  before  the  war,  and  the  writer's 
recent  conversations  with  authorities  in  that  country  lead  to  the  hope 
that  the  matter  will  be  taken  up  again  in  the  near  future,  when  the  whole 
question  of  reconstruction  is  considered  in  detail. 

a2 
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A  Visit  to  Czecho-Slovakia. 

Few  people  in  this  country  appreciate  the  size  and  industrial  importance 
of  the  new  Republic  of  Czecho-Slovakia,  which  before  the  war  was  known 
as  Bohemia,  Moravia  and  Slovakia.  During  the  month  of  Maya  number  of 
journalists,  members  of  the  British  International  Association1  of  Journalists, 
visited  the  country  at  the  invitation  of  the  Czecho-Slovakian  Government, 
the  President  of  the  Association,  Sir  Harry  Brittain,  forming  one  of  the 
party. 

Prague,  which  is  now  the  capital  of  the  Republic,  beside-  being  among 
the  most  picturesque  and  romantic  of  cities,  is  famous  for  the  possession  of 
one  of  the  oldest  universities  in  Europe.  It  is  a  hopeful  augury  for  the 
newly-constituted  Republic  of  Czecho-Slovakia  that  its  citizens  seem  •  to 
have  always  been  imbued  with  a  proper  appreciation  of  the  value  of  good 
education.  Even  in  the  days  of  oppression,  when  they  had  little  hope  of 
aspiring  to  the  higher  positions  in  the  State,  these  people  sought  learning. 
To-day,  with  brighter  prospects,  they  should  reap  the  reward  of  this 
tradition,  and  it  is  significant  that  their  President,  Professor  Masaryk, 
is  himself  an  educational  expert  who,  during  the  early  part  of  the  war, 
occupied  a  distinguished  position  as  a  Professor  at  King's  College,  while 
several  members  of  the  present  Government  are  men  who  rose  from  the 
ranks  of  the  people  and  worked  their  way  to  the  front  by  sheer  ability  and 
perseverance. 

While  at  present  faced  by  various  economic  and  commercial  difficulties, 
the  industries  of  Czecho-Slovakia  offer  promise  for  the  future.  The  present 
shortage  of  coal,  wool  and  other  raw  materials  hampers  the  development 
of  the  country,  which,  with  proper  encouragement  and  the  extension  of  the 

jsary  credit  facilities,  should  ultimately  fill  an  important  industrial 
position.  Among  the  commodities  in  which  Czecho-Slovakia  excels  may 
be  mentioned  porcelain  and  glassware.  Bohemian  glassware  was  already 
famous  throughout  Europe  before  the  war.  Lighting  experts  are  familiar 
with  the  illuminating  glassware  made  at  several  works,  which  reveals  great 
artistic  skill  and  high  craftsmanship.  The  output,  however,  is  at  present 
limited  by  lack  of  the  necessary  fuel,  while  the  high  price  of  this  and  other 
raw  materials  has  increased  the  prices  of  articles  to  a  figure  about  five 
times  that  prevailing  in  pre-war  days.  Of  special  interest  to  the  writer 
was  the  development  of  artistically-designed  chandeliers  and  lighting 
tit tin^s  in  bronzed  and  gilded  wood,  the  carving  in  some  cases  being 
remarkably  fine. 

During  the  visit  the  wrriter  had  conversations  with  many  of  the  leading 
authorities,  including  the  Minister  of  Welfare  in  charge  of  the  Factory 
Department,  who  was  greatly  interested  in  the  efforts  being  made  in  this 
country  to  promote  a  better  knowledge  of  the  benefits  of  good  illumination, 
and  was  desirous  of  encouraging  a  similar  movement  in  Czecho-Slovakia. 
This  view  was  shared  by  the  editors  of  several  of  the  leading  technical 
•journals  with  whom  the  writer  came  in  contact. 

Our  thanks  are  due  to  the  Czecho-Slovakian  Government  for  their 
hospitality  and  to  Sir  (ieorge  Clerk,  H.M.  Minister  in  Czecho-Slovakia, 
for  tin-  great  trouble  he  took  to  enable  visitors  to  gain  first-hand  informa- 
tion on  the  industrial  conditions  of  this  newly-born  Republic,  to  which  we 
wish  enduring  prosperity  and  success. 

Leon  Gastek. 
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for  the  opinions  expressed  by  individual  authors  or  speakers. 


THE    ARTIFICIAL    LIGHTING    OF    CHURCHES. 


(Proceedings  at  a   Meeting  of  the  Society  held  at  the  House  of  the  Roval  Society  of  Arts, 
18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.  on  Tuesday,  April  20th,  19:20.) 


A  MEETING  of  the  Society  was  held  at  the 
House  of  the  Royal  Society  of  Arts 
(18,  John  Street.  Adelphi.,  London  W.C.) 
at  8  p.m.  on  Tuesday,  April  20th,  the 
chair  being  taken  by  Lieut. -Col.  F.  A. 
Cortez  Leigh. 

The  Minutes  of  the  last  meeting  having 
been  taken  as  read,  the  Hon.  Secretary 
read  out  the  names  of  applicants  for 
membership  announced  at  the  last  meet- 
ing on  March  30th,  who  were  formally 
declared  members  of  the  Society* 

It  was  mentioned  that  the  Ht.  Rev. 
A.  F.  Winnington  Ingram,  Lord  Bishop 
of  London,  had  been  invited  to  preside, 
but  had  been  prevented  from  doing  so 
owing  to  absence  from  London,  and  the 
same  applied  to  the  Rt.  Rev.  Bishop 
H.  E.  Ryle,  of  Westminster,  who,  how- 
ever, in  expressing  regret  at  inability  to 
attend,  added  that  "'  the  subject  is  of 
great  public  importance." 

*  Iixum.  Eng.,  April,  1920.  p.  113. 


The  subject  being  of  special  interest  to 
architects,  general  invitations  to  be 
present  at  the  meeting  had  also  been  con- 
veyed to  the  Royal  Institute  of  British 
Architects,  the  Surveyors*  Institution 
and  the  Society  of  Architects. 

The  Chairman  then  called  upon  Mr. 
John  Darch  to  read  his  paper  on 
"  The  Artificial  Lighting  of  Churches." 

In  the  ensuing  discussion  Mr.  F.  V\  . 
GooDEXOT'i;tr.  Mr.  T.  E.  Ritchie,  Lieut. - 
Col.  F.  A.  Cortez  Leigh  (Chairman).  Mr. 
R.  Lax.. t<>\  Cole,  F.R.I.B.A..  Mr.  J.  S. 
Dow  and  Mr.  L.  Caster  took  pan. 
After  Mr.  Darch  had  briefly  replied  to 
some  of  the  points  raised  in  the  discussion, 
a  vote  of  thanks  to  the  author  terminated 
the  proceedings,  after  which  the  Chair- 
ma  x  announced  that  the  Annual  Meeting 
would  be  held  at  8,  p.m.  on  Tuesday, 
May  11th,  when  the  usual  Report  of  the 
Council  would  be  presented  and  an 
address  uiven  by  Captain  .1.  W.  Barber 
on  "  Some  Recent  Developments  in  the 
Cinematograph," 
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THE    ARTIFICIAL    LIGHTING    OF    CHURCHES. 


By  John  Darch. 


(Paper  presented  at  a  meeting  of  the  Illuminating  Engineering  Society  held  at  the  House  of 
the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.,  on  Tuesday, 
April  20th,  1920.) 


It  has  been  frequently  stated  that  the 
church  is  one  of  the  most  difficult 
subjects  for  lighting.  There  can  be  little 
doubt  of  this,  for  the  results  that  are  to 
be  found  in  the  average  church  tell  their 
own  tale.  But  it  is  a  tale  of  an  amazing 
disregard  of  the  fundamental  principles 
of  illumination,  and  it  is  to  consider  those 
principles  and  their  application  to  church 
lighting  that  this  paper  is  presented  to 
this  Society  and  thence  to  architects, 
church  ministers  and  lighting  engineers. 

In  the  first  place,  the  architect  should 
realise  that  there  is  more  in  church  light- 
ing than  in  merely  discussing  "  points  " 
and  selecting  or  designing  fixtures,  for 
so  many  leave  the  scheme  of  lighting, 
and  consequently  the  results,  entirely 
to  a  lighting  engineer,  who,  in  most 
cases,  attempts  no  other  method  of 
lighting  the  church  than  by  that  of  the 
chandelier  and  bracket,  inherited  from 
his  forefathers.  It  is  not  for  an  architect 
to  meddle  with  engineering  matters,  but 
it  is  certainly  his  duty  to  see  that  the 
artistic  effect  of  his  work  is  not  ruined 
or  the  church  rendered  uncomfortable 
by  unsuitable  lighting. 

There  are,  however,  two  very  real 
difficulties  that  frequently  rise  up  against 
the  best  of  us.  One  is  the  hopeless 
inadequacy  of  church  funds  for  the  pro- 
duction of  anything  like  a  satisfactory 
result,  and  the  other  is  an  opinionated 
church  committee  or  donor  who  feels 
that  he  who  pays  the  piper  can  call  for 
the  tune.  But  when  there  is  a  free  hand 
and  sufficient  money,  what  can  be  said 
of  the  architect  or  engineer  who  fails  to 


respect   the   A  B  C  of  correct   illumina- 
tion ? 

Another  question  which  may  be  said 
to  add  to  the  difficulty  of  church  lighting 
is  one  of  the  old  crusted  sort,  an  obsolete 
tradition  of  the  church,  viz.,  that  gloom 
is  an  aid  to  worship  ;  this  is  still  advo- 
cated  by  some  architects  and  ecclesio- 
logists.  It  is  rather  unfair  to  Milton  that 
he  should  be  credited  with  the  advocacy 
of 

THE    "DIM   RELIGIOUS   LIGHT." 

Let  us  deal  with  this  question  first. 
One  of  the  advocates  of  religious  gloom, 
writing  in  our  own  Journal,*  tells  us 
that  people  who  promote  the  intro- 
duction of  modern  light  in  the  churches, 
totally  forget  the  real  object  of  places 
of  worship."  He  goes  on  to  say  that 
"  the  masses  who  pray  to  their  God  must 
wander  in  the  gloom  between  pier  and 
pillar,  or  sit  in  the  twilight  in  order  to 
speak  to  God,"  and  adds  : — "  Now  when 
modern  light  is  introduced,  this  funda- 
mental fact  is  totally  destroyed.  We 
must  retain  the  religious  awe,  the 
mysterious  dark  infinity." 

An  architect  also  writes  on  church 
lighting  :  "  Mystery  and  imagination  are 
the  greatest  aids  to  architectural  effect. "f 

It  is  the  architect  and  the  ecclesiologist 
that  are  most  prone  to  impose  these 
adventitious  conceptions  upon  the  English 
church  and  not  the  clergyman  or  other 

*  See  Illum.  Emj.,  Vol.  II.,  p.  138. 
f  See  Illum.  Eng.,  Vol.  II.,  p.  136. 
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professional  exponents  of  Christianity. 
One  London  vicar  bitterly  complained 
to  me  that  "  fifty-seven  haloed  saints 
keep  out  the  light  of  day "  from  his 
church. 

We  all  love  to  think  of  the  traditions 
and  customs  of  the  past,  and  it  is  right 
to  preserve  those  that  are  healthy  and 
profitable  ;  but  for  the  rest,  let  them 
remain  in  the  story-books. 

I  do  not  forget  that  there  are  com- 
munities where  mysticism  and  gloom 
form  a  part  of  their  orthodox  rites ; 
I  respect  the  sincerity  of  their  convictions 
and  should  light  their  church  accordingly. 

But  it  is  quite  another  thing  when  the 
Christian  of  the  20th  century  so  mis- 
conceives the  spirit  of  the  New  Testament 
as  to  advocate  the  retention  of  the 
mysticism  and  obscurity  that  charac- 
terised the  several  mystery  religions  that 
overran  the  early  Roman  Empire  and 
that  were  afterwards  introduced  into  the 
Christian  Church.  Those  mystery  relig- 
ions must  have  been  well  known  to  the 
Founder  of  Christianity  and  in  His  many 
references  to  light,  both  literal  and 
symbolical,  He  doubtless  had  them  in  His 
mind. 

It  was  not  until  the  19th  century  that 
we  possessed  anything  like  an  effective 
means  of  lighting  a  church,  before  which 
there  existed  nothing  but  "  a  light  that 
counterfeits  a  gloom." 

All  this  talk  of  mysticism,  gloom  and 
other  emotional  aids  to  Christianity  is, 
therefore,  futile.  A  healthy  church  must 
keep  abreast  of  the  times  and  be  adaptable 
to  the  needs  of  the  hour.  There  is  no 
finality. 

THE  ATTRACTIONS  OF  GOOD  LIGHT- 
ING. 

Will  good  or  bad  lighting  affect  the 
attractiveness  of  a  church  ? 

Serious  notes  of  alarm  were  sounded 
last  year  by  the  leading  divines  of  all 
denominations  because  of  their  diminish- 
ing congregations.  Some  tried  to  remedy 
this  by  exhibiting  flaming  posters  at  the 
doors  ;  others,  emulating  St.  Philip  Neri, 
introduced  the  oratorio  and  even  the 
cinema  into  the  church.  You  cannot 
cure  a  sick  child  with  a  rattle  ;  enter- 
tainment may  attract  for  a  time,  but  it 
will  never  compensate  for  the  miseries  of 


bad  lighting  and  for  the  boredom  of  a 
sermon  that  naturally  becomes  humdrum 
when  one  is  unable  to  see  the  preacher. 
"  Why,"  complained  a  clergyman  to  me, 
"  should  their  zeal  be  directed  towards 
hiding  the  preacher  and  dazzling  the  eyes 
of  his  flock  ?  "  And  it  is  a  very  sub- 
missive flock ;  for  though  a  few  may 
complain,  thousands  endure  it  as  though 
it  were  a  just  penance;  but  hundreds  of 
thousands  stay  away. 

Now  the  proprietors  of  regular  places 
of  amusement  are  wiser  in  their  genera- 
tion ;  they  have  discovered  that  good 
lighting  and  every  comfort  are  necessary 
to  success,  and  no  lighting  has  been  better 
studied  or  is  more  successful  than  that 
of  the  theatre.  Now  a  church  is  not  a 
theatre,  nor  ever  should  be,  but  the 
sagacity  that  has  brought  such  prosperity 
to  the  theatre  is  equally  necessary  in  the 
church. 

It  is  said  that  a  lady  is  well  dressed 
when,  although  conscious  that  she  looked 
nice,  one  fails  to  remember  how  she  was 
dressed.  Equally,  a  church  is  ideally 
lighted  when  the  sources  of  light  are  not 
noticed,  when  one  forgets  that  it  is 
lighted  while  the  eye  wanders  with 
pleasure  over  the  attractions  of  the 
building  or  watches  the  preacher's  ex- 
pression with  unconscious  ease. 

It  is  gratifying  to  know  that  there  is 
a  small  but  ever-growing  number  of 
churches  where  a  rational  system  of 
illumination  has  been  adopted,  and  I 
shall  introduce  some  pictures  of  them 
presently. 

A  reverend  gentleman  writes,  '*  When 
for  the  first  time  in  your  life  you  pass 
from  a  dark  street  into  an  auditorium 
flooded  with  mellow  light  and  yet  not  a 
single  glaring  bulb  is  in  sight  to  show  you 
the  source  of  it,  the  sensations  you 
experience  are  very  pleasing.  If  your 
eyes  are  a  little  weak,  you  find,  as  you 
walk  into  the  room,  that  they  are  not 
instinctively  half  closing  themselves  for 
protection  against  the  usual  attack  made 
upon  them  by  a  host  of  dazzling  globes, 
for  there  is  no  such  array  to  smite  them  ; 
and  finding  that  you  can  read  in  any 
corner  as  easily  as  in  daylight,  you  say, 
'  This  is  a  beautiful  light,'  while  you 
realise  that  its  soft  and  quiet  efficiency 
makes  it  peculiarly  adapted  for  church 
use," 
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THE  PLEASURES  AND  PAINS  OF  LIGHT 
AND  SIGHT. 

Visibility  is  the  sole  raison  d'etre  of  the 

art  of  illumination  and  not  a  display  of 
fixtures  and  lamps.  Visibility  is  im- 
mediately impaired  by  the  presence  of 
those  lamps  in  the  field  of  vision,  for  the 
eye  always  adjusts  itself  to  the  brightesl 
spot  in  view. 

It  is  not  a  question  of  quantity  of 
light,  for  the  human  eye  can  sec  with 
comfort  under  a  daylight  illumination  of 
8,000  foot-candles  or  a  moonlight  of  one- 
hundredth  of  a  foot-candle.  Hut  what 
it  cannot  do,  without  injury,  is  to  see  in 
both  at  the  same  time.  It  is  therefore 
a  question  of  contrast. 

Professor  Weber,  ten  years  ago,  fixed 
the  limit  of  safe  endurance  of  tins  con- 
trast at  100  to  1,  and  an  American  com- 
mittee has  recently  come  to  the  same 
conclusion  and  added  that  indoor  con- 
trasts might  go  up  to  200  to  1.  but  thai 
contrasts  were  best  at  about  20  to  I . 

With  exposed  lights,  or  even  when  t  hex- 
are  in  glass  "shades,'"  there  may  be  a 
contrast  of  10,000  to  1  or  more.  Un- 
fortunately, in  a  church,  the  worshipper 
cannot  turn,  but  has  to  sit  and  endure 
it ;  and  with  such  violent  contrasts 
before  him  he  is  unable  to  watch  the 
preacher,  he  closes  his  eyes,  he  loses  touch, 
his  mind  wanders  and  the  sermon 
becomes  an  unconscious  lullaby. 

It  has  been  said  that  the  reason  why 
gentlemen  sleep  more  in  church  than 
ladies  is  because  the  ladies  can  dodge 
the  lights  with  the  brims  of  their  hats. 

Old-fashioned  engineers  excuse  their 
work  by  saying  that  it  is  not  everyone 
that  suffers  from  the  glare  of  exposed 
lights.  Why  should  anyone  suffer  ?  But 
it  is  a  fact  that  a  large  proportion  do, 
and  the  reckless  remainder  will  be  con- 
sulting an  oculist  in  due  time.  Those 
who  still  doubt  should  read  the  opinions 
of  Mr.  Parsons,  Dr.  Kerr  and  other 
leading  oculists  in  the  Society's  Journal* 
and  elsewhere. 

The  business  man  has  found  good 
lighting  to  be  a  paying  investment,  but 
church  officials  show  no  sign  of  grasping 
that  fact.  The  greatest  marvel,  how- 
ever, is  that  the  ministers  themselves  do 
not  appear  to  have  realised  that  when 

*  See  Illum.  Eng.,  Vols.  Ill  and  X, 


they  can  he  properly  seen,  as  well  as 
heard,  they  secure  a  double  grip  upon  the 
attention  and  appreciation  of  their  people. 
These  are  factors  that  should  be  the  very 
breath  of  life  to  a  successful  ministry. 

There  is  another  point  of  physiological 
importance,  viz. :  the  need  for  a  sufficient 
light  for  ea^y  reading.  An  insufficient 
light  causes  eyestrain  to  the  adult  and 
permanent  injury  to  the  young.  This  is 
aggravated  by  the  small  type  commonly 
used  in  pocket  editions,  and  made  worse 
by  being  on  very  thin  paper  which  some- 
times allows  the  other  pages  to  show 
through  and  confuses  the  print.  A 
sufficient  light  emphasises  the  printed 
letters  and  clarifies  the  interspaces. 

THE  CLAIMS  OF  ARCHITECTURE. 

Almost  any  church  will  demonstrate 
that  the  effort  to  produce  a  certain 
illumination  on  what  is  called  the  work- 
ing plane — the  pew — has  been  the  only 
consideration  and  that  all  other  interests 
of  the  church  have  had  to  take  their 
chance. 

Ruskin  describes  architecture  as  a 
sou  ice  of  "'  mental  health,  power  and 
pleasure  "  and  certainly  the  fabric  of  the 
(lunch,  with  its  impressiveness  and  its 
teaching,  has  ever  heen  an  influential 
factoi'  in  church  life.  It  must,  therefore, 
be  visible  :  but  its  true  effect  can  only 
lie  revealed  in  the  light  for  which  it  was 
designed  :  consequently,  in  any  other 
light  it  becomes  an  abortion. 

We  may  sec  this  in  our  City  churches. 
When  lit  from  below,  the  cornices, 
pilasters  and  ornaments  have  an  upside 
down  effect  ;  but  where  they  are  lit  from 
in  front  there  is  no  effect  at  all,  for  the 
shadows  are  wanting.  Sometimes,  we 
find  a  tangle  of  repeated  shadows  and 
high  lights  that  reduces  the  whole  to  an 
architectural  puzzle.  It  is  lamentable 
when  the  effect  of  a  beautiful  work  is 
thoughtlessly  ruined  by  those  who  profess 
no  knowledge  of  architecture  and  no 
sympathy  with  its  poetry  and  sentiment,, 
but  it  is  inconceivable  that  an  architect 
should  be  content  to  see  his  own  work 
so  burlesqued. 

If  we  study  the  daylighting  of  the  old 
Gothic  churches  we  shall  see  that  the 
nave  is  lit  principally  from  the  clerestory 
windows    and    the    large    west    window 
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Fig.  1. — St.  Petronio,  Bologna,  showing  natural 
effect  of  Overhead  Daylighting. 

behind  (Fig.  1).  Architects  in  our  day 
are  but  copyists  of  the  work  of  men  of 
bygone  ages,  who  thought  for  themselves 
and  who  were  the  soul  of  a  living  art.  If. 
therefore,  we  adopt  their  architecture,  let 
us  adopt  their  principles  of  lighting  it, 
for  the  meaning  of  architecture  is  in  the 
light  that  reveals  it. 

Gothic  architecture  is  native  to  dull 
northern  climes,  hence  its  aspiring  lines 
and  its  mouldings  (deeply  cut  to  empha- 
size and  shadow  those  lines)  are  better 
suited  to  a  well-diffused  light.  So  let 
the  evening  discover  by  artificial  light 
what  the  morning  has  demonstrated  by 
natural  light. 

Classic  Renaissance  is  represented  by 
a  great  many  churches  in  London.  The 
interiors  of  their  prototypes  in  the  sunny 
south  were  open  courts  and  were  lighted 
from  above  ;  so  also  were  their  later 
development,  the  Basilicas.  Here  well- 
marked  shadows  impart  the  beauty  and 
nobility  which  characterise  this  style  : 
and  it  is  from  a  top  light  only  that  it 
should   be  lit. 

Several  architects  have  expressed  their 
opinion  that  Gothic  churches  look  best 
in  a  subdued  light.  Diffused,  it  should 
be,  but  not  subdued.  The  north  transept 
of   Westminster   Abbev   looks   none   the 


worse  for  being  in  broad  daylighl  :    and 
because  some  of  our  old   interiors  were 

kept  in  semi-darkness  that  is  no  reason 
why  its  modern  imitation  must  be  so. 
When  we  copy  ancient  architecture  we 
should  realise  its  spirit  and  avoid  its 
faults.  Although  mediaeval  times  were 
slow,  its  art  was  progressive  ;  and  it 
high-power  lighting  had  been  available 
in  those  days  those  old  architects  would 
have  been  the  first  to  utilise  it  and  they 
would  have  boldly  modified  their  build- 
ings to  suit  the  necessary  lighting  devices. 
Such  interiors  as  St.  Paul's  Cathedral 
and  the  Cathedrals  of  York.  Winchester 
and  others  are  of  such  sublime  proportions 
and  beauty  that  the  pettyfogging  lights 
from  chandeliers  and  standards  are  an 
insult  to  the  building.  Large  buildings 
need  high  power  lights  which  after  all. 
are  economical. 

THE       ILLUMINATION       OF       FLAT 
DECORATION. 

1.  Works  of  Art  in  mural  decoration 
may  be  of  great  value  and  importance 
either  as  mosaics,  frescoes  or  oil  paintings. 
A  church  should  not  be  treated  as  a 
picture  gallery,  but  there  may  be  reasons 
why  an  important  work  should  be  made 
easily  visible.  If  its  proper  illumination 
is  not  obtained  by  the  general  lighting, 
local  lighting  may  be  necessary,  and  the 
principles  which  govern  the  lighting  of 
picture  galleries  should  be  considered. 

In  any  case  valuable  works  of  art 
should  be  lit  (a)  sufficiently,  and  the 
intensity  will  depend  upon  the  depth  of 
colour  ;  (b)  uniformly  ;  (c)  so  as  to  avoid 
gloss,  and  (d)  with  as  white  a  light  as  can 
be  obtained.  The  half-watt  lamp  or  the 
super-heated  gas  mantle  are  a  good 
approach  to  white,  but  if,  with  the  elect  ri< 
light,  it  is  necessary  to  bring  out  the  greens 
and  blues  the  addition  id'  a  small  mercury 
vapour  lamp  might  be  better  than 
nothing. 

2.  Inexpensive  Decoration,  such  as  a 
plain  colour  scheme,  perhaps  in  panels 
with  stencil  ornament,  may  be  in- 
tended to  produce  nothing  more  than  an 
impression  of  comfort  and  pleasure,  but 
even  that  demands  some  thought,  for 
in  broad  masses  of  colour  there  is  often 
a  small  margin  between  relish  and 
nausea     and     that     difference    is    easilv 
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made  possible  in  lighting.  This  brings 
us  to  the  question  of 

THE      IMPORTANCE      OF      DIFFUSE 
REFLECTION. 

The  coefficient  of  reflection  (K)  in  walls 
and  ceilings  is  a  factor  of  the  utmost 
importance  and  will  usually  make  all  the 
difference  between  success  and  failure. 
In  a  favourable  case  of  direct  lighting 
with  say  K='6  it  might  possibly  add 
50%  to  an  initial  illumination  which 
need  not  be  great  to  be  satisfactory. 
But  with  old  oak  or  other  dark  walls  and 
ceilings,  with  K  near  zero,  one  not  only 
loses  the  increase  from  reflection  but  it 
needs  5  or  6  times  the  illuminating 
power  to  get  anything  like  a  good  effect, 
and  this  has  the  drawback  of  putting 
any  white  or  light  spots  into  painful 
contrast. 

A  church  with  a  light  interior,  par- 
ticularly the  ceilings  and  upper  walls,  will 
cost  much  less  to  illuminate  and  be  more 
satisfactory  than  a  dark  interior.  Such 
an  interior  should  not  be  uniformly 
white  but  have  quiet  varitoned  surfaces 
which,  with  any  mural  tablets,  etc. 
should  still  be  light  enough  for  economy 
and  yet  more  pleasing. 

DECORATIVE    LIGHTING 

is  a  spectacular  form  of  lighting  in  which 
small  lamps  are  usually  arranged  to  form 
patterns  and  lines  round  the  arches  and 
along  other  main  features  of  the  building. 
Its  luminous  lines  dominate  the  view 
and  reduce  everything  else  to  compari- 
tive  unimportance.  It  is  not  illumina- 
tion but  illuminations,  reminding  one  of  an 
Earl's  Court  Exhibition.  There  is  such  a 
line  of  lamps  round  the  dome  of  St. 
Paul's  Cathedral.  The  arches  of  St. 
Mary's,  Redcliffe,  Bristol,  have  been  so 
treated,  and  there  are  others.  I  also 
remember  a  dispute  in  which  an 
American  bishop  wanted  so  to  line  up  the 
interior  of  one  of  the  largest  cathedrals 
in  America. 

LIGHTING    INTERIORS    FROM    OUT- 
SIDE. 

Artificial  illumination  from  the  exterior 
of  the  clerestory  windows  has  been  tried 
at  Montreal  Cathedral,  and  it  is  said  that 
that  alone  enabled  one  to  read  in  any 
part    of    the    church.     I    have    always 


thought  that  high-power  lamps  might  be 
successfully  employed  at  clerestory 
windows  and  skylights  or  in  what  is 
called  deck  lighting,  because  from  those 
points  we  should  obtain  the  most 
natural  distribution. 

STAINED  GLASS  WINDOW  ILLUMINA- 
TION 

has  been  tried  with  success.  We  have  all 
noticed  the  mysterious  blackness  of 
church  windows  at  night  and  felt  their 
cold  incongruity  with  the  cheerful 
interior.  Should  one  of  them  be  of 
worthy  stained  glass,  it  may  be  illumin- 
ated by  small  units  of  electricity  or  gas 
through  a  thoroughly  diffusing  medium. 
Uniformity  is  essential,  but  the  surface 
luminosity  should  not  greatly  exceed 
the  surface  brightness  of  the  walls. 

FESTIVAL  AND  SYMBOLIC  LIGHTING, 

used  in  churches  of  high  ritual,  is 
frequently  spoken  of  as  complicating  the 
question  of  church  lighting  ;  but  what- 
ever complication  there  may  be,  it  is  in 
the  installation  rather  than  in  the 
principle  of  illumination  ;  for  the  normal 
lighting  always  exists  as  a  basis,  and 
festival  or  other  lighting  should  be  sup- 
plemental and  separate.  It  frequently 
happens  that  it  is  simply  a  large  increase 
in  the  general  illumination,  and  when,  for 
example  at  Easter,  the  lights  would  be 
lowered  for  a  short  time,  the  whole  would 
blaze  forth  at  a  given  point  in  the  liturgy, 
to  symbolise  the  joy  of  the  Resurrection. 
Or  the  extra  lighting  may  take  the  more 
spectacular  form  of  emblematical  devices 
usually  formed  by  small  electric  lamps, 
but  in  Vol.  II.  of  the  Society's  Journal 
there  are  pictures  of  gorgeous  displays 
in  acetylene. 

My  previous  condemnation  of  specta- 
cular lighting  as  a  permanency  does  not 
apply  to  that  class  of  lighting  in  church 
festivals,  because  it  is  of  short  duration 
and  forms  part  of  a  religious  ceremonial. 

PRACTICAL    SUGGESTIONS. 

In  submitting  suggestions  for  the 
solution  of  the  problems  of  church  lighting 
I  wish  to  make  it  clear  : 

That  I  have  no  intention  of  discussing 
the  purely  engineering  technicalities  of 
the  installation  ;  and 
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That  I  have  no  preferences  for  electri- 
city or  gas  or  for  any  particular  mode  or 
system  of  lighting,  least  of  all  for  any 
particular  fitment  or  device,  so  long  as  it 
all  conforms  to  the  following  simple  rules. 

RULES  FOR  CHURCH  LIGHTING. 

Rule  1.  The  lamps  to  be  so  placed  that 
they  do  not  occupy  the  field  of  vision. 

Maxims  to  this  effect  are  so  frequently 
quoted  and  so  little  observed  that  I  feel 
some  diffidence  in  bringing  forward  this  old 
saw.  It  is  amazing  that  firms  of  repute 
can  publish  articles  and  photographs 
exhibiting  low-placed  and  front  lighting 
as  good  examples  of  modern  lighting. 

This  rule  is  a  sine  qua  non  and  must  be 
strictly  observed.  It  is  not  sufficient 
that  the  bare  lamps  be  covered  with 
prismatic  or  even  opal  glass  ;  nor  is  it 
sufficient  to  raise  pendants  or  shift 
brackets  unless  they  can  be  taken  out  of 
the  field  of  vision. 

Rule  2.  The  illumination  should  be 
sufficient  and  so  arranged  that  the  objects 
shall  appeal  readily  and  truthfully  to  the 
eye  and  so  that  perception  may  become  a 
pleasure. 

The  illumination  should  extend  to  all 
parts  of  the  church,  leaving  no  overhead 
and  other  masses  of  obscurity.  In  many 
churches,  particularly  those  of  Classic 
Renaissance,  there  is  no  valid  objection 
to  the  ceiling  being  in  stronger  illumina- 
tion. By  careful  choice  of  positions  of 
lights,  and  by  taking  the  fullest  advantage 
of  the  reflective  power  of  walls,  etc., 
pleasing  contrasts  may  be  obtained  and 
violent  contrasts  avoided.  This  rule 
implies  that  the  light  should  fall  as  nearly 
as  possible  in  the  natural  direction.  It 
also  implies  a  well-diffused  light  ;  not 
shadowless,  but  with  the  variable  grada- 
tions that  one  sees  in  a  good  daylight 
photograph. 

Rule  3.  The  illumination  in  the  pews 
should  be  sufficient  in  intensity  and 
convenient  in  direction. 

The  amount  of  illumination  should  not 
be  less  than  1 1  foot-candles  and  need  not 
be  more  than  2|  foot-candles,  but  in  the 
choir  stalls  it  should  be  2  to  3  foot- 
candles.  The  direction  of  the  light  is 
important,  as  many  persons  in  a  congre- 
gation may  be  seen  stooping  or  twisting 
one  way  or  another  in  their  efforts  to  get 
an  easy  reading  light  on  their  books.     It 


should  fall  downwards  and  forwards  from 
behind.  There  should  also  be  some 
diffusion,  for  to  see  the  black  hard  shadow 
of  one's  fingers  on  the  book  is  suggestive 
of  street  lamps. 

Rule  4.  The  colour  of  the  light  should 
approach  ivhite  as  nearly  as  may  be 
obtainable. 

One  engineer  exclaimed,  "  We  don't 
want  daylight  at  night,"  and  another 
thought  that  "  yellow  light  was  more 
cosy."  This  opinion,  which  is  widely 
held  amongst  engineers,  is  sheer  con- 
servatism. It  was  in  the  same  way  that 
our  forefathers  clung  to  the  ruddy  pine 
log,  then  to  the  smoky  oil  lamp  and  the 
guttering  candle,  and  on  the  introduction 
of  gas  lighting  it  was  thought  to  be 
tempting  Providence  to  use  it.  So  now, 
some  of  us,  in  our  turn,  hang  on  to  the 
tail  of  progress  and  to  the  inefficient 
yellow  light  of  our  boyhood  days. 
Progress  in  light  production  has  always 
been  in  the  direction  of  a  purer  light — so 
much  better  for  us  whose  constitution  is 
adapted  to  daylight.  We  must  be  in  the 
forefront  or  go  to  bed  at  sunset  as  our 
forefathers  did. 

Rule  5.  Separate  local  lighting  should 
be  provided  for  the  pulpit  and  wherever  the 
general  lighting  is  insufficient. 

Pulpit  lighting  needs  careful  treatment, 
and  will  be  dealt  with  presently.  Local 
lighting  may  also  be  required  at  the  reading- 
desk,  and  certainly  for  the  organist. 
If  the  general  lighting  is  not  sufficient  for 
the  hymn  boards,  clock  dial,  wall  notices, 
etc.,  local  concealed  lighting  may  be 
desirable.  In  Catholic  churches  the 
stations  of  the  Cross  or  other  representa- 
tions may  need  special  illumination,  but 
in  other  churches  no  attempt  should  be 
made  to  specially  illuminate  pictures  or 
monuments  not  required  in  the  service. 
"Notices"  of  importance  at  the  doors  are 
usually  passed  unnoticed  for  want  of 
sufficient  light.  These  should  be  illumin- 
ated with  screened  lights. 

Rule  6.  Provision  should  be  made  to 
subdue  the  general  illumination  during  the 
sermon  or  when  required. 

This  practice  is  observed  in  many 
churches,  but  is  not  universal.  It  is, 
however,  desirable,  as  it  centralises  atten- 
tion on  the  preacher  and  is  a  quiet  relief  to 
the  eves  when  nothing  else  requires  to  be 
looked  at,  to  say  nothing  of  the  saving 
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in  the  quarterly  bill.  It  should  not 
approximate  to  darkness,  but  may  be 
brought  down  to  about  one-sixth  of  full 
illumination.     If  the  lights  are  exposed 

tn  the  preacher  it  would  lie  better  to  dim 

all  the  lights,  or.  in  suitable  eases,  to 
employ  small  movable  screens  that  can 
be  controlled  like  a  louvre  ventilator. 
But  where  the  lights  are  nol  within  sight 
of  either  preacher  or  congregation  it 
might  lie  better  to  extinguish  the  majority 
of  the  lights,  leaving  a  few  running  lull 
under  the  control  of  a  separate  electric 
switch  or  gas  valve. 

THE  AVAILABLE  SOURCES  OF  LIGHT. 

Electricity    or    Gas.     The    choice    of 

electricity  or  gas  is  almost  immaterial  to 
the  actual  results.  Electricity  is  the 
more  elastic  in  its  possibilities  of  dis- 
tribution, (las  claims  other  advantages. 
Either  is  adaptable  to  the  schemes  I 
suggest. 

Acetylene  is  usually  the  only  effective 
means     of     illumination      for     country 

churches.  It  is  used  in  the  form  of  an 
open  flame  giving  about   15  candlepowei 

from  a  small  half-foot  burner  and  an 
intrinsic  brilliancy  of  about  70  candle- 
powei per  square  inch.  Such  brilliancy 
when  placed  in  the  held  of  vision  would 
create  a  great  deal  too  much  glare  to  be 
tolerable.  In  most  cases,  however,  acet  \ 
lene  would  adapt  itself  to  the  principles 
and  methods  1  am  advocating. 

Oil  Lamps,  etc.  Hundreds  of  churches 
ami  chapels  have  to  be  content  with 
self-contained  lamps,  of  which  some  very 
efficient  types,  having  luminous  flames 
or  incandescent  mantles,  may  be  had 
The  more  efficient  they  are  as  light  pro- 
ducers, when  hung  low.  the  more 
objectionable  the  glare  from  them  The 
simple  method  B,  that  1  am  about,  to 
describe  would  work  wonders  in  comfort, 
ami   visibility. 

Electric  Vapour  Lamps  have  not  yet 
found  a  place  in  practical  lighting,  but 
the  Moore  tube  when  filled  with  CO, 
gives  a  beautiful  soft  white  light  and  has 
been  used  at  least  in  one  small  chapel.* 
The  mercury  vapour  lamp  is  much  more 
economical,  but  its  greenish-blue  colour 
would  militate  against   its  use  excepting 

*  See  Illum.  Esq.,  Vol.  III.,  p.  <if>9. 


in  combination  with  ordinary  lamps,  as 
a  bead  v  suggested. 

THE  CHOICE  OF  METHODS. 

It.  will  be  convenient  to  divide  the 
methods  of  lighting  into  six  classes,  four 
of  which  are  direct  lighting  and  two 
indirect.  Of  these  the  first  is  the  only 
one  that  is  ruled  out  :  either  of  the 
remaining  five  are  available  for  choice. 

The  bewildering  variety  of  arrange- 
ment, character  and  detail  to  be  found  in 
our  churches  render  it  useless  to  prescribe 
any  one  of  these  methods  for  any  par- 
ticular class  of  building.  Before  adopting 
either,  or  any  combination,  a  careful 
study  should  be  made  of  the  church  in 
question  its  plan,  its  roof,  its  archi- 
tectural  details,  its  seating  arrangements 
and  the  colour  of  it>  walls  and  ceiling,  all 
of  which  will  profoundly  affect  the 
problem  of  its  successful  illumination. 

Method  A    Exposed  low-level  lighting. 

This  is  the  common,  but  no  less  bar- 
barous, method  of  placing  brilliant  bare 
or  »lass-covered  lights  before  the  eyes 
of  helpless  worshippers.  It  is  to  point 
out  a  more  beneticent  way  that  I  am 
giving  this  paper.  Fig.  2  is  of  a  popular 
church  with  modern  lighting,  and  shows 
that  the  preacher  in  the  pulpit  (in  front 
of  the  organ)  cannot  be  seen  apart  from 
the  lour  staring  lights  around  him  ;  one. 
worst  of  all.  being  below  him.  There  are 
other  lights  in  full  view. 

Method  B— Shaded  low-level  lighting. 

This  consists  of  a  method  of  shading  only, 
and  can  be  applied  to  existing  installa- 
tions to  ameliorate  or  cure  the  evils  I 
have  just  referred  to. 

In  my  article  on  "  The  Art  of  Shading," 
appearing  in  Vol.  II..  pp.  83  and  173,  of 
the  Society's  Journal,  I  have  more  fully 
discussed  the  principles  involved,  and 
they  will  be  found  applicable  to  this 
method  of  church  lighting.  The  shades 
should  be  either  opaque  or  nearly  so, 
i.e.,  not  exceeding  a  surface  brightness 
of  "05  candlepower  per  square  inch  or 
7  candlepower  per  square  foot. 

In  some  cases  simple  flat  screens,  in 
others  half-round,  quite  small,  would  be 
sufficient,  so  long  as  it  clears  the  lights 
as  in  Fig.  .*>.  and  there  would  be  cases 
where  proper  ling  shades  would  be  de- 
sirable.     There    is    no    reason     whv    the 
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Fig.  2. — Showing  Low  Front  Lighting  and  four 
lights  around  the  High  Pulpit. 

glassware  itself  should  not  become  real 
shades.  The  effect  in  comfort  and  in- 
creased visibility  would  well  repay  the 
cost. 
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Fig.  5  is  a  more  convenient  modification. 
Both  are  suitable  for  gas  or  electricity. 


Fig.   4.     Cravath's   Box   Shade  for   Low    Level 
Lighting,  with  Dense  (ilass  at  back. 

Method    C    Overhead    direct    lighting 

from  ceiling  or  roof.  It  may  be  con- 
centrated in  a  few  units  or  distributed 
over  many  points. 

In  overhead  lighting  we  take  a  leaf 
out  of  the  text  book  of  Nature.  Such 
lighting  illumines  the  whole  interior  more 
naturally  and  affords  good  visibility  and 
freedom  from  glare.  It  is  particularly 
appropriate  to  churches  with  panelled 
and  other  ceilings,  but  the  character  of 
any  installation  would  be  governed  by 
the  design  of  the  ceiling  or  roof. 
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Fig.  3.— Half  Round  Shades. 

An  interesting  example  of  low-level 
shaded  lighting  was  designed  by  Mr. 
Cravath,  which  I  have  put  into  per- 
spective form  in  Fig.  4.  It  is  a  box  of 
wood  or  other  material,  open  at  the 
bottom.  I  am  afraid  that  it  would  be 
considered  ugly,  but  it  serves  its  purpose 
perfectly,  and  I  would  far  rather  see  it 
in  use  than  the  common  type  of  pendant. 


Fig.  5. — Shade  for  Low  Level  Lighting. 

One  of  the  best  devices  for  overhead 
gas  lighting  is  the  ventilating  sun  burner. 
The  older  type  of  open  flame  burneT  lias 
already  been  in  use  in  a  number  of 
churches  and  was  found  costly,  but  the 
modem  types  which  employ  clusters  of 
small,  and  therefore  durable,  mantles, 
give  as  much  as  from  650  to  1,000  candle- 
power  for  only  20  cubic  feet  of  gas  per 
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hour.  In  the  north,  many  Gothic  as 
well  as  other  styles  of  churches  are  using 
them.  Arrangements  can  be  made  for 
lowering  the  burners  and  access  is 
facilitated  when  there  is  a  roof  space 
over  the  ceiling  The  half-watt  electric 
lamp  could  be  economically  employed 
in  the  same  way. 

It  is  important  in  any  kind  of  overhead 
lighting  that  the  lights  do  not  come 
within  the  angle  of  view.  The  eyebrow 
angle  is  25°  to  30°,  but  that  angle  might 
in  these  cases  be  extended  to  35°  or  the 
foremost  unit  might  be  shielded  so  as  to 
preserve  that  angle.     See  Fig.  6 

Method  D  Concealed  direct  lighting, 
iii  which  lamps  are  placed  behind  arches, 
window  reveals,  columns,  etc.,  and  are 
not  visible  from  the  ordinary  point  of 
view. 


This  method  will  be  available  in  most 
Gothic  churches.  The  chancel  calls  most 
loudly  for  concealed  lighting  with  its 
improved  visibility  and  charming  effects. 
I  did  one  as  far  back  as  23  years  ago,  but 
concealed  lighting  may  now  be  found  in 
the  chancels  of  many  churches. 

But  the  whole  church  may  be  lit  in  the 
same  way.  Take,  for  example,  St. 
Dunstan's,  Acton  (Fig.  7).  Reflectors 
with  four  60-watt  lamps  are  placed  on  the 
east  side  of  the  arches  to  light  the  nave 
and  aisles,  giving  from  1  to  2  foot-candles 
in  the  pews.  The  chancel  has  a  higher 
illumination.  There  is  a  lack  of  diffusion, 
due  to  the  dark  walls  and  to  the  darkness 
overhead,  but  the  general  effect  and  the 
visibility  are  very  pleasing. 

To  illustrate  the  improved  effect  of 
lighting  from  above  and  of  lighter  walls 


VENTILATING   UNITS  IN   PANELLED  CEILING 


These  pens  wihh  possible    \  [<••  These  pews  free  Irom  qlarc 
qlare  from  for  most  unit  Uj 
unless,  Screened  >  I 


Fio.   b. — Seotions  of  Church  with  large  ceiling  units,  showing  safe  angles  of  view. 
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Fig.  7.— St.  Dunstan's,  Acton.     Concealed  Direct  Lighting. 


Fig.  8.— St.  Anne's,  Edgehill,  Liverpool.     Concealed  Direct  Lighting. 


I  submit  a  photo  of  St.  Anne's,  Edgehill, 
Liverpool  (Fig.  8).  In  this  the  lamps  are 
concealed  behind  the  wall  posts  in  the 
upper  nave  and  the  illumination  is  perfect 
throughout. 


The  fine  old  choir  of  the  historic  church 
of  St.  Mary's,  Warwick,  deserves  to  be 
properly  lit,  and  the  beautiful  rib  groined 
roof,  though  in  a  subdued  light,  crowns 
the  charming  view  (Fig.  9). 
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should  not  he  allowed  to  get  too  flirt  v. 
Its  characteristic  is  its  natural  overhead 
illumination  and  its  advantages  are 
its  agreeable  diffusion,  its  power  of 
softening,  without  destroying,  the 
shadows;  and  particularly  the  high 
visual  efficiency  that  is  possible  with  it. 
It  is  said  to  lie  less  efficient  per  lumens 
generated  than  direct  lighting,  hut  the 
above-named  advantages,  combined  with 
the  possibility  of  using  powerful  and 
economic  lighting  units,  should  compen- 
sate for  the  lews  in  absorption.  1  have, 
however,  seen  it  used  where  1  think  direct. 
overhead  lighting  would  have  been  better 
and  vice  versa,  which  goes  to  show  the 
importance  of  unbiased  advice. 


Fig. 


Si.      Man's,     Warwick.     Concealed 
Lighting  to  ( Ihoir. 


We  have  many  old  churches  with  open 
roof  trusses  and  low  tie  beams  behind 
which  lights  may  be  easily  concealed. 
The  sketch  (Fig.  10)  shows  this  with 
incandescent  gas  burners  and  prismatic 
glass  reflectors,  hut  acetylene  or  electric 
light  could  be  as  easily  adopted.  This 
arrangement  has  already  been  adopted 
with   success. 

Method  E  Indirect  lighting  from 
opaque  howls,  containing  concealed  lamps 
and  reflectors.  These  are  generally  sus- 
pended, but  may  be  placed  on  brackets 
or  high  standards.  Indirect  lighting  is 
best  suited  to  churches  with  light  coloured 
domes,  vaulting  or  other  expansive 
ceilings,  and  light  upper  walls.  As  the 
reflective  power  of  these  surfaces  is  an 
e-sential  factor  in  the  illumination  they 


Fig.   10. — Concealed  Direct  'lip-beam  Ligln 

An  example  of  this  lighting  is  given  in 
Fig.  II.  It  has  a  large  central  bowl  and 
five  smaller  units.  It  was  fitted  with 
ordinary  tungsten  lamps  and  took  about 
two  watts  per  sq.  ft.  of  floor  ;  but  with  the 
half- watt  lamp  this  should  be  reducible  to 
1]  watts. 

St.  Philip's,  Rugby  (Fig.  12)  is  a  unique 
type  of  church  with  plain  walls  and 
tunnel  ceiling.  One  quails  before  its 
bald  uniformity,  but  this  fault  is  in  the 
church,  and  not  in  the  lighting,  which 
is  a  success.  If  the  walls  below  the 
moulding  had  been  made  darker  and 
varied  by  lines  or  panels,  it  might  have 
been  all  that  could  be  desired. 

This  method  is  admirably  suited  to 
domes,  for  distance  does  not  kill  light  and 
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Fig.  11.— Eberhardt  Memorial  Church,  U.S.     Indirect  Lighting  from  Bowls  (from   Modern 
llhiminants  and  Illuminating  Engineering). 


a  reflecting  enclosure  conserves  it.  Fig.  13 
is  a  successful  example  in  Chicago.  The 
central  bowl  is  90  in.  dia.  with  twelve 
400-watt  Mazda  lamps  with  reflectors. 
The  total  wattage  per  sq.  ft.  was  145, 
but  with  half-watt  lamps  it  should  be 
reducible  to  1  watt.  There  are  some 
beautiful  church  domes  in  London  that 
would  respond  magnificently  to  this 
method,  but  that  are  now  suffering  from 
miserably  inadequate  and  offensive 
pendants. 

Method  F— Indirect  lighting  from  con- 
cealed  positions    can   be   used   only   in 


churches  whose  architectural  features  are 
adapted  to  it,  such  as  suitable  cornices, 
clerestory  and  other  high  window  sills, 
the  tops  of  screens,  and  columns,  etc. 
A  possible  objection  would  be  the  risk 
of  great  inequality  of  illumination,  but 
this  may  be  corrected  by  combining 
methods  E  or  D  with  it. 

In  considering  the  various  methods 
above  described  there  is,  of  course,  no 
reason,  should  the  case  demand  it,  why 
combinations  of  the  methods  should  not 
be  adopted,  providing  that  unity  of 
design  in  the  lighting  is  not  impaired. 
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PULPIT  LIGHTING 

must  be  governed  by  the  following  rules. 
Firstly  :  In  the  interests  of  the  congrega- 
tion : — 

(a)  Neither  the  lamps  nor  the  inside 
of  the  reflectors  to  be  exposed  to  view. 

(b)  The  preacher's  face  to  be  naturally 
illumined  and  naturally  shadowed  so  that 
every  expression  is  observable. 

(c)  The  reflectors  to  be  well  clear  of 
the  preacher's  head  but  not  too  far  for 
economy  of  light. 

Secondly :  In  the  interest  of  the 
preacher : — 

(d)  The  light  to  be  outside  his  angle  of 
vision. 

(e)  The  paper  gloss  angle  to  be  avoided. 
(/)  The  desk  illumination  to  be  about 

four  foot-candles. 

(g)  The  switch  to  be  in  the  pulpit. 
A  second  switch  might  be  desirable  to 
vary  the  intensity. 

To  illustrate  these  rules,  let  us  take 
Fig.  14.  Draw  EL  from  the  preacher's 
eyebrow  at  an  angle  of  28°  or  30°  from 
the  vertical.  Place  the  lamp  inside  this 
line  at  a  height  of  say  4  feet  above  the 
preacher's  head.  Draw  LR,  representing 
the  incident  ray  from  the  lamp  to  the 


centre  of  the  desk  and  from  R  the  re- 
flected ray  at  the  corresponding  angle. 
If  this  ray  does  not  clear  the  preacher's 
eyes  the  angle  of  the  desk  should  be 
adjusted  or  the  lamp  shifted. 

The  interior  of  the  reflectors  should  be 
white  (not  silvered).  The  exterior  will 
be  the  subject  of  design  dependent  upon 
the  means  of  fixing ;  otherwise  they 
should  be  unobtrusive  and  not  larger  than 
necessary. 

1  have  seen  long  trough  reflectors,  but 
it  is  better  to  have  two  separate  reflectors 
set  about  5  feet  apart,  each  containing 
two  smaller  lamps  rather  than  one  larger 
one,  and  that  on  the  preacher's  left 
preferably  a  little  the  stronger.  The 
reflectors  must  not  converge  to  the 
preacher,  but  the  inner  ends  should  slope. 
If  the  pews  extend  laterally  on  either 
side  of  the  pulpit,  side  wings  W  may  be 
required. 

Many  churches  have  sounding  boards 
or  canopies  over  the  pulpit ;  it  is  then  a 
very  simple  matter  to  put  the  lamps 
behind  the  valance.  Fig.  14  shows  this 
arrangement  respectively  for  gas  and 
electricity. 

Orchestra  tubes  and  the  like,  although 
used,  are  not  suitable  for  pulpit  use,  as 


Fig.  12. — St.  Philip's,  Rugby.     Indirect  Lighting. 
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they  leave  the  preacher's  face  in  dark- 
ness ;  but  they  are  all  right  on  reading 
desks  because  the  church  is  fully  lighted 
during  lessons.  The  same  remarks  will 
apply  to  shades  of  the  type  shown  in 
Fig.  15,  the  insides  of  which  must  not  be 
seen. 

PORCH  LIGHTING. 

Porches,  with  their  unexpected  steps 
and  mats,  are  frequently  a  source  of 
anxiety  to  old  people  and  a  danger  to 
all,  and  need  careful  lighting. 

Don't  put  a  central  pendant  or  other 
Fig.  13.— Church  of  Christ  (Scientist),  Chicago.      light  that  can  be  seen  as  you  approach. 
Indirect  Lighting  from  Bowls. 


Position  of  Reflectors 


Elec.  Refl*  in  Canopy 


(p~q 


Plan  of  above 


Fig.   14. — Pulpit  Lighting,  with  and  without  Canopies. 
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Don't  use  a  modern  antique  lantern  that 
casts  broad  bars  of  shadow  to  increase 
confusion.  Any  light  may  be  used,  with 
or  without  glass,  if  it  can  be  concealed 
by  the  arches  or  is  otherwise  screened. 
Screening  and  concealing  should,  and 
can,  be  done  without  prejudice  to  the 
illumination.  The  character  of  the  porch 
must  be  taken  into  consideration. 


Fig.  15. — Reading  Desk  Shade. 

I    will    clpse    my    paper    with   a    Eew 

remarks  on 

THE  LOGIC  OF  FIXTURES. 

In  a  short  paper  which  I  read  ltefore 
this  Society  in  L915,  "  On  the  Principles 
of  Design  in  Lighting  Fixtures,"  1  dis- 
cussed the  motives  for  their  employment 
and  the  principles  of  Art  in  their  design. 
I  now  wish  to  add  a  word  on  their 
application  to  church  use. 

The  basic  principle  of  Art  in  designing 
a  fixture  is  that  it  should  serve  its  pur- 
pose and  its  place.  Make  it  as  good  and 
beautiful  as  you  can,  but  it  must,  first  of 
all,  be  rational  and  efficient  and  not 
exceed  the  limits  of  its  usefulness.  The 
illumination  should  govern  the  fixture  and 
not  the  fixture  the  illumination  ;  and 
yet  it  commonly  happens  that  the  church 
fixture  is  considered  first  and  the  lamps 
added  as  they  will  admit ;  while  the 
illumination  takes  its  chance.  This  is 
abundantly  manifest.  Take  St.  Paul's 
Cathedral :  consider  the  enormous  sums 
that  have  been  spent  on  the  fixtures,  and 
then  look  at  the  depressing  gloom  called 
lighting. 

Let  us  suppose  that  in  working  out  a 
lighting  scheme  we  find  that  some  sort 
of  a  fixture  becomes  necessary.  It  is 
for  the  engineer  to  design  that  which 
will  most  effectually  achieve  the  object 
in  view — the  illumination  :    it  is  then  for 


the  artist  to  mould  the  device  into  a 
thing  of  beauty.  He  need  not  essentially 
alter  its  form,  but  he  should  put  grace 
and  elegance  into  it,  and  certainly  he 
should  not  mask  its  identity  with  an 
incongruous  incrustation  to  represent 
something    else. 

Emerson  has  defined  beauty  of  form 
as  "  that  which  has  no  superfluous  parts 
and  which  exactly  fulfils  its  purpose." 
Beauty  in  the  "  human  form  divine," 
for  example,  arises  entirely  from  its 
essential  working  parts  ;  anything  added 
would  be  superfluous  and  therefore  ugly. 

If  we  build  a  church  after  a  13th 
century  model,  we  must  not  forget  that 
the  beautiful  structures  of  those  days, 
with  their  charming  perspectives,  grace- 
ful arcades  and  rich  detail,  were  complete 
without  the  obtrusive  lighting  fixture. 
Nor  was  there  any  provision  or  place 
made  for  their  reception  and  so,  now, 
they  have  to  be  foisted  upon  walls  and 
columns  thai  do  not  take  kindly  to  their 
presence. 

The  fact  that  wax  candles  were  the 
only  church  illuminants  permitted  in 
those  days  may  justify  such  monstrosities 
as  the  coronas  of  Hildesheim,  Treves  and 
others;  but  it  does  not  follow  that  we 
should  go  on  making  candle  coronas 
when  our  means  of  lighting  is  so  entirely 
different. 

There  are  those  who  think  that  a 
church  is  incomplete  without  a  chandelier; 
there  are  also  those  who  think  that  a 
man  is  incomplete  without  a  pipe  in  his 
mouth.  I  am  not  against  fixtures  where 
they  are  necessary,  but  my  point  is  that 
in  dealing  with  ancient  buildings,  or 
their  modern  copies,  we  should  conserve 
their  spirit  better  by  lighting  them  on 
the  rational  principles  I  have  laid  down, 
and  if  that  lighting  can  be  accomplished 
better  without  fixtures  at  all,  then  their 
presence  is  an  unjustifiable  infliction. 

THE  ARGUMENT  IN  A  NUTSHELL. 

The  conclusion  of  the  whole  matter  is 
that  the  present  methods  of  lighting  a 
church  are  bad  and  as  out  of  date  as  the 
use  of  candles  and  gas  flames  for  which 
they  were  designed.  They  are  offensive 
and  injurious  to  the  eyes,  they  defeat 
their  own  object  by  reducing  visibility 
and  certainly  help  to  empty  the  churches. 
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But  now  that  sound  principles  of  illumina- 
tion have  been  established,  those 
principles  should  govern  every  installa- 
tion ;  the  modern  illuminant,  which 
has  come  to  stay,  should  be  handled  in 
a  manner  suitable  to  its  character, 
and  the  church  made  as  attractive  and 
comfortable  as  a  theatre  or  a  good  public 
library  with  pleasing  lighting  and  easy 
visibility,  and  efficient  heatingand  ventila- 
tion.    I   have   given   some   simple   rules 


for  church  lighting  which  should  be 
strictly  observed  in  every  installation, 
and  a  choice  of  several  excellent  and 
economical  methods  of  lighting  that 
should  meet  every  need  and  give  a  new 
pleasure  to  church-going. 

I  wish  to  acknowledge  the  courtesy 
of  the  British  Thomson-Houston  Compa  ay 
in  lending  several  lantern  slides  and 
photographs,  Figs.  7,  8,  9  and  12,  of  their 
work  for  reproduction. 


DISCUSSION. 


Mr.  F.  W.  Goodenough  expressed  his 
thanks  for  the  comprehensive  paper  read 
by  Mr.  Darch,  from  whom  he  said  they 
always  looked  for  something  individual 
and  original.  He  had  the  courage  of  his 
opinions,  and  liked  other  people  to 
express  theirs.  He  (Mr.  Goodenough)  did 
not  go  all  the  way  with  him  in  his  anxiety 
to  illuminate  a  church  as  completely  as  he 
would  illuminate  a  theatre  or  place  of 
amusement.  He  (the  author)  was  keen 
upon  ample  lighting  in  a  place  of  worship, 
and  threw  scorn  upon  the  dim  religious 
light. 

Although  he  (Mr.  Goodenough)  was 
interested  in  the  supply  of  light,  he  must 
say  the  mysterious  gloom  of  some  churches 
had  a  great  attraction  for  him.  He  would 
not  like  the  Cathedral  at  Rouen,  or  the 
Church  of  St.  Ouen  in  the  same  city,  as 
brilliantly  illuminated  as  some  of  the 
churches  they  had  seen  on  the  screen. 
He  thought  the  religion  that  was  practised 
in  a  place  of  worship  had  to  be  taken  into 
account.  When  dealing  with  the  lighting 
of  churches  one  was  not  dealing  merely 
with  the  lighting  of  Protestant  or  Christian 
churches,  but  places  of  worship  of  all 
descriptions,  and  he  thought  some  re- 
ligions would  prefer  the  dim  religious 
light  to  the  brilliant  illumination  Mr. 
Darch  advocated.  He  would  apparently 
do  away  with  stained  glass  windows 
because  they  kept  out  the  daylight.  He 
(Mr.  Goodenough)  could  nof  -agree  with 
him  there.  He  would  be  very  sorry 
to  do  away  with  the  east  window  of 
York    Minster    or    the    south     window 


of  Sherborne  Abbey  to  get  more  day- 
light in. 

He  did  not  think  the  lighting  up  of  a 
church  had  anything  to  do  with  the  size 
of  the  congregation.  If  the  preacher 
were  a  dull  one  a  brilliant  light  would  not 
fill  the  church,  just  as  it  was  not  the  good 
light  of  the  theatre  that  filled  the  theatre, 
but  the  good  actors  and  good  play.  The 
theatres  were  filled  before  they  had  the 
present  lighting.  For  one  person  kept 
awTay  from  church  by  the  miseries  of 
bad  lighting,  thousands  were  kept  away 
by  the  boredom  of  bad  sermons.  The 
author  said  the  reason  that  gentlemen 
slept  more  in  church  than  ladies  was 
that  the  latter  dodged  the  light  with  the 
brims  of  their  hats.  He  thought  the 
ladies  kept  awake  because  they  had 
each  other's  hats  to  study.  One  of  the 
greatest  troubles  in  connection  with 
churches  was  want  of  ventilation  rather 
than  want  of  lighting.  He  thought  it 
was  the  bad  ventilation  that  made 
churches  such  sleepy  places  as  well  as  the 
bad  product  from  the  pulpit. 

Apart  from  the  question  of  principle 
whether  a  church  should  necessarily  be 
lighted  on  the  same  lines  as  a  place  of 
amusement,  he  had  no  criticism  to  bring 
against  the  paper.  The  author  had  dealt 
with  the  subject  in  a  most  efficient  way. 
and  had  given  most  practical  suggestions 
and  examples  of  good  work  that  had  been 
done,  and  those  concerned  with  the 
lighting  of  churches  would  find  the  paper 
of  great  value  and  interest.  He  was  sure 
the  author  would  take  his  small  criticisms 
in  the  spirit  in  which  they  were  made. 
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Mr.  T.  E.  Ritchie  also  expressed 
appreciation  of  Mr.  Daren's  paper.  The 
subject  was  one  that  deserved  fuller  con- 
sideration than  it  had  received  in  the 
past.  One  point,  which  he  thought  de- 
served emphasis,  was  that  in  most,  if  not 
all  churches,  two  distinct  conditions  of 
lighting  were  required.  At  one  period  of 
the  service  it  was  necessary  to  be  able  to 
read  easily,  but  during  other  parts  this 
was  not  the  case,  and  one  did  not  need 
nearly  so  much  light.  In  most  of  the 
examples  shown  there  did  not  seem  to 
have  been  sufficient  provision  made  for 
the  desired  range  and  variation  in  lighting. 

He  agreed  with  Mr.  (ioodenough  that, 
at  any  rate  during  some  periods  of  the 
service,  the  "dim  religious  light"  was 
a  potent  factor  in  the  appeal  of  the 
service  to  worshippers.  Roof  lighting,  of 
which  the  author  had  shown  a  number  of 
examples,  was  of  great  value.  The  light- 
ing of  any  church  should  be  studied  in 
relation  to  its  appearance  by  daylight, 
and  he  thought  that,  with  natural  light- 
ing, there  would  be  found  to  be  quit, 
great  a  variation  in  intensity  as  by 
artificial  light.  At  the  same  time,  one 
should  bear  in  mind  the  aims  of  the 
designer  of  the  church  who.  presumably, 
arranged  the  windows  so  as  to  give  the 
conditions  of  lighting  which  he  considered 
the  church  to  need.  The  paper  should  be 
the  means  of  stimulating  thought,  and 
would,  he  hoped,  lead  to  the  artificial 
lighting  of  churches  being  more  carefully 
studied. 


The  Chairman  (Lt.-Col.  Cortez  Leigh) 
regretted  he  had  to  leave  shortly,  but 
before  going  he  wished  to  take  this  oppor- 
tunity of  thanking  Mr.  Darch  personally 
for  his  very  interesting  paper.  He  did  not 
know  that  the  fact  of  people  going  to  sleep 
during  the  sermon  was  altogether  due  to 
the  lighting,  but  thought  it  might  some- 
times be  attributed  to  an  inferior  preacher. 
He  understood  that  there  were  apologies 
from  some  high  dignitaries  of  the  Church 
who  had  intended  to  be  present,  and  he 
was  sorry  they  had  been  prevented  from 
attending.  It  would  have  been  helpful 
to  hear  their  views  on  the  subject  as  the 
Clergy  were  so  largely  interested  and  had 
experience  of  all  sorts  of  Churches  and  no 
doubt  hear  criticisms  from   their  parish- 


ioners. He  agreed  with  Mr.  Goodenough 
that  it  was  a  debatable  point  as  to 
whether  a  Church  should  be  lit  as 
described  by  Mr.  Darch,  or  whether 
the  "  dim  religious  light  "  was  sufficient 
or  even  preferable.  It  was  largely  a 
mattei  of  taste  and  of  the  habits  of  the 
country;  it  would  no  doubt  have  been 
observed  that  the  beautiful  lighting  of  the 
American  Churches  Mr.  Darch  had  shown 
rather  resembled  a  theatre.  They  had 
seen  the  effects  of  the  different  forms  of 
lighting  reproduced,  and  from  that  point 
alone  the  Author  had  rendered  a  very 
great  service.  The  Paper  had  been  well 
thought  out  and  must  have  required  much 
trouble  and  patience  to  produce. 


Mr.  W.  E.  Bish  (B.T.H.  Company)  was 
pleased  to  see  that  the  Author  advocated 
concealed  lighting,  or  lighting  from  con- 
cealed sources.  Sometimes  it  was  con- 
sidered that  that  system  of  lighting  was 
too  costly  to  install — very  often  more 
points  were  required,  and  consequently 
more  fitments  but,  of  course,  that  did 
not  apply  where  the  church  had  plenty 
of  fluids,  and  if  they  did  not  have  con- 
cealed lighting  they  would  probably  have 
very  ornate  brass  fittings.  If  they  had 
the  choice  of  the  two.  they  should  be  urged 
to  put  in  concealed  lighting.  He  agreed 
with  the  Author  that  committees  were 
very  difficult  people  to  deal  with  on  this 
question.  They  did  not,  as  a  rule,  know 
anything  about  engineering,  and  they 
simply  settled  the  question  of  their  light- 
ing by  how  pretty  the  drawing  of  a  fitting 
might  be.  A  highly  coloured  drawing 
usually  appealed  to  them  a  lot  more  than 
the  reflecting  power  of  the  fitting  or  the 
lamps  that  were  to  be  used.  But  these 
people  invariably  settled  the  thing,  and  as 
they  paid  the  piper  they  often  called  the 
tune. 

Mr.  Darch  taxed  one  or  two  firms  with 
publishing  pictures  of  church  installations 
which  had  direct  lighting,  or  diffusing 
bowl  fittings.  If  a  church  committee 
could  not  afford  to  install  concealed 
lighting,  why  not  give  them  the  next 
best  thing?  Mr.  Bush  maintained  that  it 
was  possible  to  install  diffusing  bowls  in  a 
church  and  illuminate  it  quite  well. 
He  showed  one  or  two  slides  of  churches 
illuminated    in    that    manner,    the    first 
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Fig.  2. — Congregational  Church,  Rugby 

Diffusing    Bowl    Fittings    with    Prismat 

Glass  over  Reflectors  and  Mazda  Lamps, 


Fig.  1.- — St.  Luke's,  Swindon.    Prismatic  Bowl  Fittings 
and  Mazda  Lamps. 


Fig.  3. — Mirolux  Trough  Reflector 


Fig.  4.— X-Ray  Angle  Type  Reflectors. 


Fig.    5. — St.    Andrew's,    Plaistow.     Sanctuary. 
Original  Gas  Lighting. 


j,'1(.     6.— St.    Andrew's,    Plaistow.     Sanctuary. 
Lighting  from  concealed  Mirolux  Troughs. 
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being  St.  Luke's  Church,  Swindon  (Fig.  1). 
Provided  the  bowls  were  sufficiently 
high — say  15  ft. — he  did  not  see  any 
objection  to  their  use.  There  was  very 
little  glare,  the  lighting  was  very  even, 
and,  if  he  remembered  correctly,  the 
intensity  was  about  3|  foot-candles.  The 
upper  part  of  the  church  was  by  no 
means  dark.  Another  picture  was  of  the 
Congregational  Church  at  Rugby  (Fig.  2). 
In  that  also  diffusing  fittings  were  used — 
opal  bowls  with  prismatic  reflectors. 
The  Author  had  shown  a  number  of 
pictures  of  churches,  including  St.  Anne's 
Church,  Liverpool,  and  the  Church  of 
the  Sacred  Heart,  Doimybrook,  and 
several  others  in  which  the  installations 
were  engineered  by  his  (Mr.  Bush's) 
Company.  They  found  such  photographs 
very  powerful  weapons  and  they  often 
influenced  church  committees  and  authori- 
ties to  adopt  lighting  from  concealed 
sources. 

He  thought  it  a  pity  that  the  Author 
had  not  given  his  opinion  as  to  types 
of  fitments  which  he  recommended. 
The  Author  had  refrained  from  giving 
engineering  data,  or  suggestions  for 
reflectors  for  concealed  lighting,  but 
gave  one  or  two  crude  examples,  if  he 
might  use  the  expression,  of  how  to  hide 
naked  lamps.  It  would  have  been  interest- 
ing if  he  had  given  some  particulars  as  to 
what  he  considered  ideal  lighting  units 
for  concealed  lighting.  Mr.  Bush  exhibited 
slides  showing  the  type  of  reflector  used 
at  St.  Anne's,  Liverpool,  Donnybrook, 
and  several  of  the  other  churches  that 
had  been  shown  (Fig.  3).  The  reflectors 
were  fixed  endways,  and  could  be  made 
to  give  either  concentrated  or  extensive 
distribution.  The  exterior  finish  of  the 
reflector  was  chosen  to  suit  the  colour 
of  the  material  on  which  it  was  fixed. 
He  saw  no  reason  why  simple  angle  units 
could  not  be  fixed  behind  the  pillars  of  a 
church.  The  installation  cost  could  be 
comparatively  small,  and  there  were 
such  a  wide  range  of  reflectors  available 
to  give  the  different  distributions  that  it 
should  be  easy  to  choose  a  suitable  type. 
Fig.  4  shows  a  range  of  such  reflectors, 
together  with  their  polar  distribution 
curves.  Where  the  cost  of  concealed 
lighting  or  diffusing  fittings  was  prohibi- 
tive his  Company  had  installed  direct 
lighting  reflectors  overhead  and  put  them 


in  lanterns  to  make  the  daylight  effect  a 
little  more  ornate.  At  night  time  no  light 
came  through  the  lanterns.  He  would 
like  the  Author's  views  on  lighting  of  that 
description.  He  showed  a  view  of  the 
chancel  of  a  church  at  Plaistow  lit  by 
means  of  gas  floor  standards  (Fig.  5), 
and  he  showed  the  effect  of  substituting 
two  60-watt  lamps  and  trough  reflectors 
on  either  side  behind  the  pillars  (Fig.  6). 
He  hoped  Mr.  Darch's  paper  wrould  be 
widely  circulated,  and  that  a  better 
standard  of  church  lighting  would  result. 


Mr.  R.  Langton  Cole,  F.R.I.B.A., 
said  he  entirely  agreed  with  the  lecture 
as  a  whole.  He  also  agreed  with  a 
previous  speaker  that  the  amount  of 
lighting  in  a  church  should  certainly 
not  be  overdone.  Some  communities 
might  like  something  like  a  lecture  hall, 
but  he  thought  the  majority  preferred 
the  lighting  demure — not  too  strong — 
but,  after  all,  it  was  largely  a  matter  of 
control.  It  should  be  capable  of  being 
controlled.  At  some  parts  of  the  service 
more  light  was  wanted  than  at  others. 
Some  of  the  most  beautiful  illustrations  of 
daylight  lighting  they  had  seen  were 
from  Italy,  where  a  large  light  could  be 
obtained  through  a  small  hole. 

The  best  instances  of  daylight  lighting 
were  those  of  west  window  lighting.  A 
church  with  a  large  west  window  and 
small  lights  down  the  aisle  was  thoroughly 
lighted  by  daylight,  the  light  flowing 
towards  the  preacher.  St.  Mark's,  Venice, 
was  an  example,  and  also  the  beautiful 
little  Church  of  the  Holy  Wisdom  at 
Kingswood,  near  Banstead.  The  window 
was  large,  and  the  whole  of  the  light 
flowed  forward  on  to  the  splendid  apse. 
That  emphasised  the  point  that  the  light 
should  come  from  concealed  sources 
from  the  west  and  flow  towards  the  east. 
Those  churches  in  which  the  light  source 
was  entirely  concealed,  generally  on 
vaults  in  the  roof,  seemed  admirable. 
The  majority  of  modern  churches  had  not 
those  vaulting  pillars.  In  those  cases 
they  wanted  some  means  for  concealing 
the  brackets  referred  to  by  a  previous 
speaker,  which  would  not  be  very  beauti- 
ful if  exposed. 

Another  point  was  in  regard  to  special 
lighting    which    was    perhaps    required 
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more  in  the  Roman  churches  than  the 
English.  In  the  Church  of  St.  Gudule, 
Brussels,  a  statue  of  the  Virgin  was  softly 
illuminated  -with  a  dim  light  which 
seemed  to  come  from  nowhere  and  the 
rest  of  the  chapel  was  almost  dark. 
That  was  a  chapel  for  devotion  only,  and 
the  central  figure  being  softly  illuminated, 
and  the  rest  in  darkness,  had  a  very 
beautiful  effect.  They  did  not  neces- 
sarily want  an  illumination  of  the  whole 
building. 


Mr.  J.  S.  Dow  said  that  the  general 
principles  put  forward  by  Mr.  Darch  for 
the  artificial  lighting  of  churches  should 
meet  with  acceptance,  but  he  thought  that 
he  had  hardly  made  sufficient  allowance 
for  the  influence  of  tradition  and  custom 
in  some  places  of  worship.  Such  tra- 
ditions were  often  tenaciously  adhered  to, 
and  the  lighting  expert  had  to  accept 
them,  and  to  try,  while  doing  so,  to  pro- 
vide satisfactory  lighting  as  well. 

As  an  instance  of  how  the  influence  of 
tradition  varied,  he  might  mention  two 
synagogues  in  London.  The  first  of 
these,  the  Bevis  Marks  Synagogue,  in 
the  east  of  London,  possessed  a  number 
of  fine  chandeliers  in  the  Dutch  style, 
which  had  been  presented  early  in  the 
history  of  the  synagogue  and  were  valued 
very  highly.  The  authorities  were  de- 
termined that  the  original  lighting  by 
these  chandeliers  should  be  preserved 
entirely,  and  they  still  used  candles  in  the 
chandeliers  just  as  they  used  to  do  many 
years  ago.  In  fact,  he  understood  that 
one  firm  was  commissioned  to  make  these 
special  wax  candles  in  exactly  the  same 
way  as  had  always  been  done. 

In  another  synagogue  in  the  West  End 
there  were  also  special  chandeliers  and 
fittings  of  Moorish  or  Eastern  design 
which  had  been  renovated  and  retained. 
The  authorities,  however,  had  agreed  to 
the  introduction  of  electric  light  and  to 
the  adaptation  of  modern  glassware  to 
the  existing  fittings,  provided  certain  re- 
quirements were  complied  with.  They 
had  even  sanctioned  the  addition  of  new 
supplementary  fittings,  in  which,  how- 
ever, the  original  design  was  copied. 
There  were  various  special  points  that 
occurred  in  connection  with  these  designs, 
one  being  the  necessary  absence  of  any- 


thing   resembling    the    cross    associated 
with  Christian  worship. 

The  point  he  wished  to  emphasise  was 
that  in  both  cases  tradition  had  an  in- 
fluence, but  of  varying  extent.  In  the 
one  case  no  alteration  whatever  in  the 
original  lighting  was  permissible,  in 
the  other  modifications  involved  in  the 
introduction  of  modern  lighting  were 
accepted  ;  but  the  original  fittings  were 
retained,  and  such  a  step  as  the  scrapping 
of  the  old  fixtures  and  the  introduction  of 
indirect  lighting  from  bowls  of  modern 
design  would  not  have  been  tolerated. 
Fuller  particulars  of  these  two  installa- 
tions would  be  found  in  the  Journal  of 
the  Society. 

While  he  (Mr.  Dow)  agreed  with  Mr. 
Darch  as  to  the  importance  of  eliminating 
glare,  and  especially  lights  falling  within 
the  direct  range  of  view,  he  thought  that 
Mr.  Darch's  ideas  as  to  the  degree  of 
screening  necessary  and  the  limiting 
angle  of  view  were  somewhat  stringent. 
Most  people  would  be  satisfied  if  lights 
fell  outside  an  angle  of  30°  with  the 
direct  range  of  vision,  whereas  Mr.  Darch 
desired  60°.  Again,  while  it  was  right 
that  all  sources  (except  possibly  those 
mounted  on  a  light  coloured  roof)  should 
be  screened,  he  thought  that  modern 
translucent  glassware  diminished  their 
brightness  sufficiently,  provided  that 
they  fell  outside  the  angle  indicated 
above. 

He  (Mr.  Dow)  was  somewhat  averse 
from  using  opaque  shades  in  churches, 
unless  they  were  very  artfully  contrived, 
and  he  thought  that  some  of  the  arrange- 
ments of  opaque  shades  suggested  by 
Mr.  Darch  might  give  rise  to  unsightly 
shadows.  Success  in  using  such  shades 
naturally  depended  very  greatly  on  the 
degree  of  reflection  from  light  surfaces  on 
walls  and  ceiling. 

Mr.  L.  Gaster  said  that  Mr.  Darch  had 
evidently  given  great  care  and  thought 
to  the  preparation  of  his  interesting  paper. 
He  was  sorry  that  the  Lord  Bishop  of 
Westminster  had  been  unable  to  be 
present,  but  in  his  letter  explaining  his 
unavoidable  absence  from  town  he  had 
expressed  the  opinion  that  the  subject  of 
church  lighting  was  of  great  importance 
and  deserved  full  discussion. 
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He  (Mr.  Gaster)  had  been  responsible 
for  the  electric  lighting  of  one  of  the 
synagogues  mentioned  by  Mr.  Dow,  and 
he  had  also  had  experience  of  lighting 
conditions  in  other  synagogues  in  London, 
in  which  the  requirements  again  presented 
new  features.  Almost  invariably  one 
found  that  there  were  special  wishes  of 
the  authorities  to  be  taken  into  account, 
and  it  was  necessary,  while  providing 
adequate  lighting,  to  practise  economies. 
In  the  cases  thai  had  come  under  his 
notice  the  adjustmenl  of  the  lighting, 
according  to  the  nature  of  the  Bervice, 
played  a  most  important  pari  in  achieving 
economies.  He  entirely  agreed  that  when 
the  congregation  had  to  join  in  the 
service  and  read  small  print,  a  fully 
adequate  illumination  for  reading  was 
necessary,  and  he  wished  that  such  ex- 
tremely small  type,  which  was  unduly 
trying  to  the  eves,  especially  of  children, 
could  be  avoided,  and  larger,  more  legible, 
type  substituted,  even  if  this  necessitated 
the  printing  of  several  volumes. 

Apart  from  the  regulation  of  the  light- 
ing according  to  the  importance  of  the 
service  and  the  size  of  the  congregation, 
there  were  special  occasions  when  the 
full  lighting  was  desired,  as  an  element  of 
rejoicing.  This  was  the  case,  for 
example,  when  weddings  were  celebrated, 
and  when  a  fee  was  paid  which  would 
cover  the  extra  illumination  allowed. 
Another  form  of  lighting,  of  which  some 
beautiful  examples  had  been  shown  by 
Mr.  Bush,  and  which  might  be  more 
generally  studied,  was  the  lighting  of 
special  memorials,  texts,  or  other  devices, 
by  concealed  lamps.  The  synagogue  at 
St.  Petersburgh  Place,  referred  to  by 
Mr.  Dow,  utilised  a  special  series  of  con- 
cealed lights  to  illuminate  the  golden 
lettering  above  the  altar,  so  that  this 
section  of  the  building  "stood  out"'  in 
sharp  relief  to  the  rest  of  I  he  interior. 

In  dealing  with  the  lighting  of  churches 
one  must  have  a  certain  degree  of 
sympathy  with  the  congregation  and  an 
appreciation  of  the  nature  of  the  worship, 
and  he  felt  that  this  was  one  Held  where 
the  architect  and  the  lighting  expert 
could  co-operate  in  a  very  satisfactory 
manner. 

He  wished  to  propose  a  hearty  vote 
of  thanks  to  Mr.  Darch  for  his  interesting 
paper. 


Mr.  Darch,  replying  to  the  gentlemen 
who  had  entered  into  the  discussion, 
desired  to  thank  them  for  their  appreci- 
ative and  kindly  criticism  of  his  paper, 
and  in  answer  to  Mr.  Goodenough,said: — 

Having  succumbed  to  the  fascination 
of  nearly  every  available  cathedral  and 
abbey  church  and  enjoyed  the  calm  of 
those  sacred  relics  of  mediaeval  life.  I  am 
quite  with  him  in  his  admiration  of  the 
beauty  and  usefulness  of  stained  glass 
windows.  But  my  concern  is  for  present- 
day  practical  needs  in  the  hundreds  of 
churches  and  chapels  around  us.  I 
quoted  a  vicar  who  complained  of  the 
effect  of  his  stained  "lass  windows,  I 
thereupon  visited  that  church  and  found 
it  impracticably  gloomy.  Let  the  stained 
glass  be  as  dense  as  possible  in  east  or 
othei  windows  facing  the  people,  but 
clerestory  windows  and  west  windows 
should  admit  plenty  of  light.  My  sub- 
ject,, however,  was  artificial  lighting,  and 
those  who  have  experienced  an  ample  but 
not  garish  illumination  realise  how  pleas- 
antly it  clings  to  the  memory.  It  goes 
without  saying  that  good  lighting  will  not 
absolutely  compensate  for  a  dull  preacher. 
I  had  assumed  a  fair  average.  My  point 
is  that  good  lighting,  as  I  have  defined  it, 
increases  comfort,  gives  visual  pleasure. 
and  when  a  preacher's  face  is  well  lit  his 
sermons  are  better  appreciated.  But  a 
badly  lighted  church  will  damage  the 
finest  sermons  and  destroy  ease  ;  and  is 
it  not  a  fact  that  nine-tenths  of  our 
churches  and  chapels  are  badly  lit  ? 
As  regards  taking  into  account  the  par- 
ticular religion  that  was  practised,  I 
deferred  to  that  in  a  short  paragraph 
(p.  143),  but  I  was  mainly  concerned  with 
the  vast  majority  of  British  places  of 
worship  in  which  there  is  nothing 
abnormal. 

Mr.  Ritchie  is  an  earnest  reformer  in 
the  art  of  illumination,  and  his  expressions 
of  appreciation  of  my  paper  are  en- 
couraging. I  quite  agree  that  in  some 
parts  of  the  service  the  "  dim  religious 
light  "  is  desirable  :  I  think  that  my 
Rule  6  meets  this  point  and  explains  why. 
Mr.  Ritchie's  views  as  to  the  natural 
lighting  of  a  church  and  the  aims  of  the 
designer  are  those  that  I  have  tried  to 
bring  before  the  Society. 

The  Chairman  did  not  seem  to  realise 
the   sleepy  effect   of  glare.      It    is    the 
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compulsory  closing  of  the  eyes  that  in- 
duces sleep;  the  fact  has  been  frequently 
pointed  out.  There  is  a  curious  passage 
in  Acts  xx,  7,  8,  9,  with  a  strong  inference 
that  the  unfortunate  Eutychus  fell  asleep 
as  the  result  of  the  "  many  lights,"  other- 
wise it  seems  unnecessary  to  have 
mentioned  them. 

I  am  in  agreement  with  all  Mr.  Bush 
told  us,  excepting  as  to  his  justification 
of  front  lighting.  I  think  that  diffusing 
bowls  are  very  useful,  and  I  should  not 
hesitate  to  use  them  ;  but  my  objection 
was  to  the  placing  of  bare  or  glass 
covered  lights  before  the  eyes  of  the 
people  and  around  the  preacher's  head. 
The  church  that  can  afford  those  bowls 
need  not  submit  to  their  glare,  if  so 
placed,  when  the  trouble  can  be  so 
easily  and  cheaply  avoided  by  the 
"  Method  B,"  which  I  was  compelled  to 
describe  so  briefly.  The  reason  why  I 
gave  no  opinion  as  to  the  types  of  fittings 
employed  was  because  I  set  out  to  deal 


with  the  principles  and  art  of  illumina- 
tion and  had  no  space  for  practical 
fitting. 

Mr.  Langton  Cole's  excellent  comments 
are  worth  reading  more  than  once,  ami 
leave  me  nothing  to  say  unless  I  enlarged 
upon  them. 

To  Mr.  Dow's  claim  for  tradition  and 
custom  and  to  lovers  of  the  past  (and  I 
am  one  myself),  I  say  that  only  those, 
traditions  and  customs  can  be  maintained 
that  harmonise  with  modern  life.  It  is 
not  the  traditions  or  the  customs  that 
constitute  the  religion.  We  are  but 
creatures  in  a  changing  world,  and 
religious  thought  with  its  lighting  and 
other  customs  must  keep  abreast  of 
education  and  general  progress  ;  we  must 
scrap  the  effete  or  the  churches  will  fall 
under  the  Juggernaut  of  time,  and  the 
spark  of  religion  will  fly  elsewhere. 

Mr.  Gaster's  remarks  are  so  much  to 
the  point  that  I  have  nothing  to  say  to 
them  except  to  express  my  thanks. 


©bituar\>. 

MR.  G.  M.  LIGHT. 

It  is  with  great  regret  that  we 
record  the  death  of  Mr.  G.  M.  Light, 
of  Messrs.  Light  and  Fulton,  Solici- 
tors, who  passed  away  on  May  1st. 
Mr.  Light  acted  as  Honorary  Solici- 
tor of  the  Illuminating  Engineering 
Society  from  its  commencement  in 
1908  up  till  the  time  of  his  death. 
He  was  admitted  as  a  solicitor  in 
1882,  and  for  thirty  years  or  more 
acted  personally  or  as  a  partner  in 
the  business  as  Solicitor  for  the 
New  South  Wales  Government. 
From  about  August,  1914,  onwards 
he  acted  as  Registrar  of  the  White- 
chapel  County  Court.  His  kindly 
and  genial  disposition  endeared  him 
to  all  his  friends,  and  to  his  native 
shrewdness  was  added  a  vein  of 
humour  that  made  him  an  excellent 
conversationalist.  His  death  has 
been  the  subject  of  general  regret 
amongst  his  many  friends  in  the 
legal  and  other  professions. 


PERSONAL. 

We  have  pleasure  in  recording  that 
Mr.  D.  0.  Light  has  kindly  consented  to 
continue  his  father's  connection  as 
Honorary  Solicitor  to  the  Illuminating 
Engineering  Society. 


WISCONSIN  (U.S.A.)  REGULATIONS 
FOR  AUTOMOBILE  HEADLIGHTS. 

A  useful  bulletin  has  been  issued  by 
the  Industrial  Commission  of  Wisconsin 
(Madison,  Wis.,  U.S.A.)  summarising 
regulations  for  automobile  headlights  in 
that  State,  which  as  regards  eandlepowcr 
of  beam,  limitations  with  a  view  to 
diminishing  glare,  etc.,  are  in  close 
accordance  with  the  recommendations 
made  in  the  contribution  by  Dr.  C.  H. 
Sharp  and  Mr.  W.  E.  Little  in  our  last 
issue.  Comprehensive  explanatory  data 
are  included,  such  terms  as  "  foot-candle  " 
"  photometer,"'  etc.,  being  defined,  and 
the  distribution  of  light  from  various 
kinds  of  lenses  and  mirrors  is  illustrated 
by  diagrams. 
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THE    MAINTENANCE    OF    LIGHTING    SYSTEMS. 


An  article  by  W.  Harrison  and  J.  R. 
Colville  in  the  Electrical  World  sum- 
marises the  advantages  of  efficient 
maintenance  of  lighting  installations.  It 
is  customary  to  allow  for  the  deterioration 
of  lighting  owing  to  effects  of  dust,  ageing 
of  lamps,  etc..  by  a  "  depreciation 
factor,"  which  may  amount  to  1-2  in 
fairly  favourable  circumstances  and  15 
in  cases  where  there  is  much  smoke  and 
dust.  But  the  use  of  such  a  factor 
implies  that  lamps  of  higher  consumption 
are  used  than  should  be  necessary  if  the 
installation  is  efficiently  maintained.  It 
is  therefore  preferable  to  ensure  the 
utmost  efficiency  by  regular  and  system- 
atic care  of  lighting  appliances. 


illumination  to  5  foot-candles.  Originally 
the  office  had  been  finished  with  a  paint 
which  was  found  to  reflect  75  per  cent, 
of  the  light  striking  it,  but  it  had  become 
so  discoloured  through  two  and  a  half 
years'  use  that  it  now  only  reflected 
50-55  per  cent.  Accordingly  the  office 
was  repainted  in  the  original  tone,  and 
this  increased  the  illumination  up  to 
7  foot-candles.  Thus  by  the  three 
measures  described  the  illumination  had 
been  more  than  doubled  without  any 
increase  in  consumption. 

In  practice  it  is  found  that  wiping  out 
reflectors  is  only  about  two-thirds  as 
effective  as  washing.  In  favourable  cir- 
cumstances the  loss  of  light  during  one 


Direct  Lighting. 

Indirect   and   Semi- 
Indirect   Lighting. 

Nature  of  Conditions. 

Interval   in 

days  if 

units  are 

wiped 

out.* 

Interval  in 
days  if 

units  are 
thoroughly 

washed. 

Interval   in 

days  if 

units  are 

wiped 
out.* 

Interval  in 
days  if 
units  are 

thoroughly 
cleaned. 

Very  dirty 

Dirty           

Average 
Clean 

3 

7 
15 
30 

5 

10 
20 

40 

5 
10 
20 

7 
15 
30 

*  Washing  every  third  or  fourth  interval  is  assumed. 


In  order  to  show  the  extent  to  which 
the  available  illumination  may  be 
diminished  by  neglect  in  this  respect, 
the  authors  quote  the  example  of  an 
office  where  the  desk-illumination  was 
found  to  be  2-7  foot-candles.  The  re- 
flectors had  been  wiped  out  at  fairly 
frequent  intervals,  but  were  nevertheless 
taken  down  and  washed.  This  resulted 
in  an  increased  illumination  of  37  foot- 
candles.  Next,  it  was  found  that  the 
lamps  had  been  in  service  for  more  than 
two  years,  and  that  in  some  cases  they 
were  intended  for  a  voltage  somewhat 
higher  than  that  actually  used.  New 
lamps  were  accordingly  substituted,  and 
this   led    to    a   further   increase    in    the 


month  may  amount  to  10-25  per  cent., 
in  cases  where  there  is  much  smoke  and 
dust,  up  to  40  per  cent.  The  accompany- 
ing table  is  presented,  showing  the  sug- 
gested period  of  cleaning  for  direct  and 
indirect  lighting. 

It  is  not  difficult  to  show  that  the 
cost  of  the  loss  in  illumination  through 
neglect  of  periodical  cleaning  may  exceed 
considerably  the  expense  involved  in  such 
overhauling.  Much,  however,  depends 
on  the  way  in  which  fittings  are  arranged 
so  as  to  facilitate  the  cleansing  process, 
and  in  the  article  referred  to  examples 
of  fittings  so  suspended  as  to  be  quickly 
and  safely  removed  for  treatment  are 
shown. 
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A  CONVENIENT  ARMCHAIR  LIGHTING  FITTING. 


The  "  Unilux  "  twin  armchair  shown 
in  the  accompanying  illustration  is  the 
invention  of  Dr.  R  J.  E.  Hanson,  O.B.E., 
ophthalmic  surgeon  to  the  Admiralty, 
and  presents  several  interesting  features. 
It  will  be  noted  that  the  twin  chairs  are 
each  provided  with  a  convenient  book- 


position.  It  is  not  always  practicable 
to  fix  the  relative  positions  of  light  and 
chair,  but  in  some  circumstances,  in 
club  reading-rooms,  for  example,  this 
can  be  done  with  advantage,  and  in  such 
cases  we  should  imagine  that  the  type 
of  chair  illustrated  would  prove  very 
acceptable.     The  plug-socket  connection 


rest,  but  are  served  by  a  single  light- 
source,  permanently  placed  so  that 
each  reader  receives  light  over  the  left 
shoulder. 

In  ordinary  drawing-rooms  this  rule  is 
frequently  not  complied  with,  chiefly 
because  the  position  of  the  chair  with 
respect  to  the  source  of  light  is  variable, 
and  readers  cannot  be  trusted  always 
to  manipulate  their  chair  into  the  best 


naturally  requires  care.  In  the  illus- 
tration the  chair  is  shown  equipped  with 
casters,  but  these  could  be  restrained  by 
means  of  rubber  or  wooden  sockets  in  the 
floor  so  as  to  prevent  the  chair  shifting  ; 
or,  alternately,  the  chair-legs  could  be 
made  to  drop  direct  into  sockets,  thus 
removing  any  possibility  of  the  electric 
connection  being  broken  by  a  sudden 
movement. 
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TOPICAL    AND     INDUSTRIAL    SECTION. 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
Installations,  aew  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  ol  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  Is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  ol  all  bona-fide  information  relating  thereto.] 


CHURCH  LIGHTING  WITH  H0L0- 
PHANE  GLASSWARE. 

The  subject  of  Church  lighting  is  receiv- 
ing a  great  deal  of  attention  since  the 
war,  and  the  introduction  of  the  "Half- 
wait  "  type  lamp  has  done  much  to 
assist  in  providing  satisfactory  illumina- 
tion results  over  comparatively  large 
areas  and  with  greater  consideration  to 
aesthetic  requirements  than  has  hitherto 
been  possible.  The  selection  of  suitable 
lighting  appliances  for  use  with  such 
lamps  is  naturally  of  great  importance. 
By  means  of  prismatic  devices  such  as 
the  Holophane  Bowl  units  it  is  possible 
to  provide  efficient  and  well  diffused 
general  lighting  results  without  undue 
multiplicity  of  lamps  and  points. 
Furl  her,  by  careful  select  ion  of  the  correct 
types  of  lighting  units  and  the  judicious 
arrangement  of  the  mounting  heights 
much  inconvenience  to  the  congregation 
due  to  light  sources  coming  within  the 
range  of  vision  can  be  avoided. 

Large  churches  without  galleries  may  be 
effectively  lighted  by  Holophane  Bowl 
units  mounted  about  16  ft.  from  the  floor, 
but  in  the  case  of  Congregational  and 
similar  Nonconformist  churches  the  light 
sources  are  placed  at  a  considerable 
height  in  order  to  avoid  obstruction  of 
vision  of  the  congregation  seated  in  the 
gallery,  in  the  manner  shown  in  the  illus- 
tration on  the  opposite  page.  By  the 
careful  selection  of  the  correct  types  of 
Holophane  focussing  reflectors  it  is 
possible  to  illuminate  the  main  well  of  the 


church  equally  satisfactorily,  as  with  a 
lower  mounting  height  and  without  in  any 
way  sacrificing  efficiency. 

Concealed  lighting  of  the  chancel  is 
also  a  method  which  has  gained  con- 
siderable headway-  of  late,  and  by  the 
suitable  selection  and  location  of  rela- 
tively few  Holophane  reflectors  mounted 
directly  above  the  arch  one  can  secure 
even  illumination  over  the  whole  of  the 
altar  by  this  method  without  objection- 
able shadows  being  cast . 


THE     LIGHTING     OF     THE     ALBERT 
HALL. 

We  are  interested  to  note  that  the 
lighting  of  the  Albert  Hall  has  recently 
been  re -arranged,  the  new  method  involv- 
ing the  use  of  sixteen  1000 -watt  Mazda 
gas-filled  ("Half-Watt")  lamps  in  large 
Mazdalux  reflectors.  This  hall,  it  will  be 
recalled,  presents  interesting  features  as  a 
lighting  problem.  The  great  height  of 
the  lamps,  it  is  stated,  eliminates  glare, 
the  actual  filaments  being  invisible 
except  when  a  person  leans  back  in  his 
chair  and  gazes  directly  upwards.  The 
illumination  is  stated  to  be  considerably 
increased  and  more  uniformly  distributed 
than  was  the  case  with  the  arc  lamps 
formerly  employed,  and  the  fact  that  the 
lamps  do  not  require  frequent  mainten- 
ance and  attention  is  also  a  considerable 
advantage.  The  method  of  lighting  is  one 
which  can  be  effectively  employed  in  large 
glass-domed  interiors  of  a  similar  nature. 
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REVIEWS  OF  BOOKS  AND  PUBLICATIONS  RECEIVED. 


Whittaker's  Electrical  Engineer's  Pocket 
Book.  Edited  by  R.  E.  Xeale.  (Sir 
Isaac  Pitman  and  Sons,  Ltd.,  London, 
pp.  671.     10s.  6d.  net.) 

The  fourth  edition  of  this  pocket  book 
has  been  entirely  re-written  and  contains 
a  great  deal  of  useful  information, 
assembled  in  a  compact  and  convenient 
form.  The  generation,  transmission  and 
distribution  of  electric  energy  receive 
exceptionally  detailed  treatment.  Gener- 
ally speaking  the  matter  is  more  readable 
than  is  usually  possible  in  pocket  refer- 
ence works,  and  some  of  the  special 
sections,  such  as  those  dealing  with 
traction,  electric  furnaces,  electric  weld- 
ing, and  electricity  in  agriculture,  contain 
matter  which  is  not  very  generally  known. 
The  sect  ion  on  lighting  deals  with  t  he- 
subject  in  an  up-to-date  manner,  and 
good  use  has  been  made  of  the  space 
available.  There  is  much  useful  tabular 
matter,  a  liberal  use  of  illustrations,  and 
an  adequate  index.  The  work  fully 
maintains  the  standard  of  its  prede- 
cessors. 


Electric  Wiring.  By  W.  S.  Ibbetson. 
(E.  &  F.  N.  Spon,  Ltd.,  London. 
1920.    pp.  463,  figs.  218.     18s.  net.) 

This  is  the  second  edition  of  Mr.  Ihbet- 
son's  work,  which  is  intended  mainly  to 
assist  students  taking  the  elemental y 
examination  in  electric  wiring  of  the  City 
and  Guilds  of  London  Institute,  and  the 
earlier  examinations  of  other  governing 
bodies  in  electrical  engineering.  New 
matter  is  included  in  the  sections  on 
lighting,  motors  and  dynamo  circuits, 
and  a  feature  is  the  new  section  dealing 
specially  with  ship-wiring.  There  are  in 
all  eighteen  sections,  the  earlier  ones 
dealing  with  general  principles,  while 
sections  on  systems  of  wiring  and  jointing, 
batteries  and  bells,  motor  circuits  and 
special  problems  in  wiring  follow.  A 
couple  of  chapters  are  devoted  to  glow 
lamps  and  arc  lamps,  and  a  brief  explana- 
tion of  elementary  principles  in  lighting 
is  given.  The  work  is  well  illustrated 
and  will  doubtless  continue  to  be  appre- 
ciated by  students  in  electrical  engineer- 
ing. 


The  Practical  Electrician's  Pocket  Book 
and  Diary.  (S.  Reniell  and  Co.,  Ltd., 
London.      1920.     pp.  520.     2s.  6d.  net.) 

The  new  edition  of  the  Practical  Elec- 
trician's Pocket  Book  shows  a  further 
increase  in  size,  40  pages  being  added  to 
the  bulk  for  1919.  There  is  much  of 
interest  in  the  new  sections  dealing  with 
electrical  welding,  furnaces,  metres  and 
switchgear,  etc.,  and  the  other  matter 
has  been  fully  revised.  The  subject  of 
lighting  is  dealt  with  adequately,  a  feature 
being  the  use  of  modern  symbols  for 
denoting  candlepower  in  different  direc- 
tions, and  the  explanation  of  the  lumen 
and  mean  spherical  candlepower.  The 
tabular  data  relating  to  central  stations, 
which  have  been  enlarged,  are  also  useful. 
In  these  days  of  high  prices  the  low  figure 
(2s.  )>d.),  for  which  the  diary  is  published, 
is  certainly  striking. 

The  Coolidge  Tube.  By  H.  PUon.  (Bailiere, 
Tindall  and  Cox,  London.  1920.  pp.  96, 
figs.  59.      7s.  6d.  net.) 

Rontgen-ray  apparatus  has  now  a 
literature  of  its  own  and  this  volume 
dealing  with  the  Coolidge  tube  is  there- 
fore timely.  The  book  is  divided  into 
three  sections  dealing  respectively  with 
the  design  of  the  tube,  its  properties,  and 
its  value  critically  examined.  Charts  are 
presented  showing  the  nature  of  the 
radiation,  and  such  points  as  the  emission 
of  rays  from  points  other  than  the  focus 
are  considered.  The  book  is  illustrated 
by  numerous  diagrams,  and  there  is  a 
useful  chapter  at  the  end  on  protective 
devices. 

"  Safety  First,"  May,  1920.  (The  Journal 
of  the  British  Industrial  "  Safety  First  " 
Association,  2-3,  The  Sanctuary,  West- 
minster, S.W.I.) 

This  little  bulletin  contains  an  account 
of  the  First  Annual  ( Jeneral  Meeting  of  the 
Association  on  February  24th,  when  the 
President  (Lord  Leverhulme),  the  Rt. 
Hon.  G.  H.  Roberts,  M.P.,  and  others 
delivered  addresses.  A  brief  account  is 
also  given  of  the  experiences  of  Mr.  G. 
Bellhouse,  C.B.E.  (H.M.  Deputy-Inspector 
of  Factories),  during  his  recent  tour  in  the 
United  States.  The  journal  is  brightly 
written  and  interesting,  and  will,  we  hope, 
aid  in  securing  wider  publicity  for  the 
valuable  work  of  the  Association. 


U  i 


>e 


m 


Lex 


ILLUMINATING 
ENGINEER. 


h 


LEON      CASTER^ 


THE  JOURNAL  OP  SCIENTIFIC 
ILLUMINATION. 

OFFICIAL   ORGAN    OF   THE 

illuminating  Engineering  Society. 

(Founded  in  London,  1909.) 

ILLUMINATING  ENGINEERING  PUBLISHING  COMPANY.  LTD. 
32.  VICTORIA  STREET,  LONDON.  S.W.I. 

Tel.  No.  Victoria  5215. 


EDITORIAL. 


The   Twelfth    Annual    Meeting   of  the   Illuminating   Engineering  Society. 

At  the  Annual  Meeting  on  May  nth  the  Illuminating  Engineering 
Society  completed  its  second  Session  since  the  cessation  of  hostilities  in 
the  autumn  of  1918,  and  its  twelfth  Session  since  the  formation  of  the 
Society.  The  Report  of  the  Council  (pp.  175-17$)  shows  that  the  Socicty 
has  now  completely  resumed  its  pre-war  activities,  and  that  during  the  past 
Session  it  dealt  with  a  variety  of  topics  of  exceptional  interest.  The 
discussion  on  "  Lighting  Conditions  in  Mines,  with  Special  Reference  to  the 
Eyesight  of  Miners,"  opened  by  Dr.  T.  Lister  Llewellyn,  on  February  24th, 
and  the  discussion  on  "  Motor-Car  Headlights,"  on  March  30th,  offered 
good  examples  of  problems  of  great  national  importance  on  which  the 
Society  is  in  a  specially  favourable  position  to  assist  authorities,  while  other 
papers  read,  notably  that  by  Mr.  Martin  on  "  Colour  Matching  by  Natural 
and  Artificial  Light,"  were  of  great  scientific  value. 

Throughout  the  session  the  Society  has  pursued  its  traditional  methods 
of  enlisting  the  co-operation  of  kindred  bodies  on  topics  of  common  interest. 
The  assistance  of  the  bodies  concerned  with  physiology  and  ophthalmology, 
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in  particular,  has  been  most  helpful,  both  in  the  discussion  of  lighting  in 
mines  and  in  the  work  of  the  Joint  Committee  on  Eyestrain  in  Cinemas, 
whose  Interim  Report  has  now  been  submitted  to  the  London  County 
Council,  and  is  published,  with  their  kind  permission,  in  the  present  number 
(pp.  189-193).  With  this  Report,  and  also  with  Captain  Barber's  delightful 
demonstration  of  portable  cinema  outfits  at  the  Annual  Meeting,  we  deal 
more  fully  in  our  subsequent  Editorial  Notes  (pp.  171-2),  but  we  would  like 
just  to  emphasise  the  very  valuable  co-operation  of  the  representatives  of 
the  cinema  industry  in  this  work,  which  offers  an  excellent  field  for  the 
researches  by  illuminating  engineers. 

We  hope  that  several  of  these  discussions  will  lead  to  further  constructive 
investigations  by  joint  committees,  acting  in  co-operation  with  the  authori- 
ties concerned.  The  work  Of  the  Departmental  Committee  on  Lighting  in 
Factories  and  Workshops  furnishes  a  useful  precedent,  and  we  trust  that 
similar  action  will  be  taken  by  the  Home  Office  in  regard  to  lighting  con- 
ditions in  mines.  We  hope  that  in  the  near  future  the  recommended  statu- 
tory power  to  demand  adequate  lighting  in  factories  will  be  introduced  into 
the  Factory  Acts  in  this  country  .  this  step  will  doubtless  have  an  important 
and  beneficial  action  on  conditions  of  industrial  lighting.  We  have  met 
with  several  instances  recently  of  the  changed  public  outlook  in  this  matter. 
Manufacturers  in  this  country  are  now  quick  to  recognise  the  advantages 
of  good  lighting — a  result  that  is  due  very  largely  to  the  steady  educational 
efforts  of  the  Illuminating  Engineering  Society,  and  to  kindred  bodies 
such  as  the  British  Industrial  "  Safety  First  "  Association,  whose  persevering 
propaganda  in  the  cause  of  industrial  safety  deserves  every  encouragement. 

Interest  in  these  matters  is  not  confined  to  this  country.  During  his 
recent  visits  to  Brussels  and  to  Czecho-Slovakia  (referred  to  in  our  last  issue), 
the  writer  had  opportunities  of  explaining  to  authorities  the  steps  taken  for 
the  advancement  of  knowledge  of  illuminating  engineering  in  this  country, 
and  found  evidence  of  a  general  appreciation  of  the  importance  of  the 
subject.  There  can  be  no  doubt  that  the  present  moment,  when  in  all  the 
leading  countries  a  process  of  reconstruction  is  going  on  and  minds  are  in  a 
receptive  state  for  new  ideas,  offers  exceptional  opportunities  for  such 
educational  work  abroad.  We  are  therefore  much  gratified  to  see  the  resump- 
tion of  the  international  section  of  the  Society's  work,  through  congresses 
and  exchange  of  views  with  experts  in  foreign  countries. 

It  will  be  noted  that  the  National  Illumination  Commission  has  now 
resumed  active  work  in  this  country,  and  at  the  last  meeting  it  was  resolved 
that  in  the  opinion  of  the  Committee  a  meeting  of  the  International  Illumin- 
ation Commission  should  be  held  in  Paris  next  year,  to  discuss  technical 
questions,  amongst  which,  it  was  suggested,  industrial  lighting  should 
receive  consideration. 

We  are  glad  to  record  an  improvement  in  the  revenue  of  the  Society, 
the  new  conditions  in  regard  to  membership  and  subscription  having 
been  without  detrimental  effect  on  the  numbers  of  the  Society.  At  the  same 
time  it  must  be  recognised  that  the  Society  still  needs  a  greatly  increased 
membership  in  order  that  its  work  and  influence  may  be  extended  in  the 
way  desired,  and  we  hope  that  existing  members  will  therefore  take  every 
opportunity  of  interesting  others  in  the  Society's  work  and  enlisting  their 
co-operation. 
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Developments  in  Portable  Cinema  Outfits. 

The  paper  on  the  above  subject  read  by  Captain  J.  W.  Barber,  C.B.E., 
at  the  Annual  Meeting  of  the  Illuminating  Engineering  Society  on  May  nth, 
accompanied  by  some  delightful  demonstrations  of  portable  cinemas,  showed 
clearly  that  there  has  been  considerable  progress  in  this  field.  While  the 
portable  cinema  is  still  in  the  stage  of  development,  it  may  eventually 
become  a  familiar  object  in  the  home  or  the  school,  where  it  has  many 
possible  applications.  In  educational  work,  as  a  supplement  to  the  history 
or  geography  lesson,  in  assisting  the  study  of  Nature,  and  especially  in 
revealing  and  analysing  movements,  the  portable  cinema  has  an  interesting 
future. 

Already  we  have  a  variety  of  departures  from  the  ordinary  form  of 
stationary  apparatus  erected  in  a  fully-equipped  theatre.  There  is  firstly 
the  motor- van  cinema,  "  travelling  "  rather  than  portable,  which  was 
widely  used  for  propaganda  work  during  the  war,  and  with  the  design  of 
which  Captain  Barber  was  himself  associated.  Next  we  have  the  truly 
portable  "  suit-case  "  cinema  outfits  which  can  be  carried  about  from 
place  to  place,  but  needs  the  use  of  an  ordinary  electric  supply  to  furnish 
the  source  of  light,  and  in  some  cases  the  motor-power.  The  source  of  light 
is  here  a  focus-type  gas-filled  electric  lamp.  A  highly  interesting  form  of 
apparatus,  shown,  we  believe,  for  the  first  time  in  this  country,  was  the 
cabinet  automatic  cinema,  which  merely  requires  switching  on  to  an 
ordinary  electric  supply  for  the  whole  process  to  commence  and  the  pictures 
appear  on  the  screen.  Finally  we  have  the  familiar  pathescope  apparatus, 
which  is  entirely  hand-driven,  and  is  independent  of  an  electric  supply, 
current  being  furnished  by  a  small  electric  lamp  fed  from  a  magneto. 

Considering  the  small  bulk  of  the  apparatus,  the  pictures  obtained 
were  promising.  There  is,  however,  scope  for  further  design  of  the  light 
source  with  a  view  to  getting  the  maximum  amount  of  light  through  the 
lens-system,  and  here  the  illuminating  engineer  may  be  able  to  suggest 
improvements,  as  also  in  another  important  portion  of  the  apparatus, 
i.e.,  the  form  of  screen  used.  The  tendency  is  to  use  screens  coated  with 
aluminium  powder,  or  similar  metallic  surfaces,  in  order  to  increase  the 
brightness  of  the  image,  but  such  screens  are  best  used  only  in  long  narrow 
rooms  as  there  is  considerable  loss  in  brightness  when  the  screen  is  viewed 
at  oblique  angles. 

A  vital  point,  on  which  the  valuable  experience  of  Mr.  E.  Ridley, 
of  the  L.C.C.  Fire  Brigade,  and  Major  A.  Cooper-Key,  of  the  Home  Office 
Explosives  Department,  was  afforded  in  the  discussion,  is  the  preservation  of 
safe  conditions  of  exhibition.  Naturally  care  must  be  exercised  in  the  case 
of  portable  apparatus  that  may  be  placed  in  relatively  inexperienced 
hands,  and  used  in  places  where  the  ordinary  safeguards  usual  in  cinema 
theatres  may  not  be  available.  This  applies  especially  to  the  insertion, 
handling  and  removal  of  films,  and  their  storage.  Not  only  do  inexperienced 
operators  require  guidance  in  the  handling  and  storage  of  films  in  such  a 
manner  as  to  prevent  injury  and  deterioration,  but  they  should  realise  that 
the  main  danger  of  fire  occurs  in  dealing  with  a  loose  film,  outside  the 
apparatus.  Such  dangers  would  be  eliminated  by  the  introduction  of  a 
non-inflammable  form  of  film,  and  we  welcome  the  assurance  of  the  repre- 
sentatives of  the  cinema  industry  that  they  will  gladly  devote  them- 
selves to  this  problem  if  the  exact  requirements  of  such  a  film  can  be  pre- 
cisely defined.  It  only  remains  to  thank  Captain  Barber  and  those  who 
assisted  him  in  this  interesting  exhibition  of  apparatus. 
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The  Report  of  the  Joint  Committee  on  Eyestrain  in  Cinemas. 

We  are  reproducing  in  this  number,  by  the  kind  permission  of  the 
London  County  Council,  the  Interim  Report  of  the  Joint  Committee 
appointed  by  the  Illuminating  Engineering  Society  to  "  inquire  into  the 
possible  causes  of  eyestrain  in  cinemas,  and  the  best  means  of  removing 
them."  The  Committee  was  funned  to  deal  with  an  inquiry  addressed 
to  the  Society  by  the  L.C.C.  last  year,  and  affords  a  good  instance  of  the 
characteristic  procedure  of  the  Society  in  co-operating  with  kindred  bodies. 
The  Committee  received  the  co-operation  of  representatives  of  the  Council 
of  British  Ophthalmologists,  the  Physiological  Society  and  the  Cinema 
Industry,  and  was  also  fortunate  in  receiving  the  help  of  three  officers 
of  the  L.C.C,  Dr.  James  Kerr,  Dr.  ('.  W.  Kimmins,  and  Mr.  E.  Ridley, 
all  of  whom  rendered  most  valuable  assistance. 

Being  composed  of  experts  in  their  respective  fields,  the  Committee 
did  not  feel  it  necessary  at  this  ^tag<-  to  invite  outside  evidence.  Their 
conclusions  are  based  on  the  experience  of  the  physiological  and  ophthalmo- 
logical  experts  in  regard  to  the  effect  of  various  conditions  on  the  eye, 
and  on  the  actual  experience  of  ;ill  the  members  of  the  Committee  who  visited 
a  considerable  number  of  cinema  halls  in  the  London  area.  The  Com- 
mittee made  observations  of  illumination  and  brightness,  witnessed  films 
from  various  points  in  the  halls,  and  subsequently  drafted  recommendations 
expressing,  in  a  convenient  form,  tin   results  of  this  experience. 

The  subject  offers  a  very  wide  field  for  investigation,  and  the  Com- 
mittee, in  this  interim  report,  have  devoted  attention  chiefly  to  one  point 
of  primary  consequence,  i.e.,  the  effect  of  proximity  of  seats  to  the  screen. 
Experience  showed  that  visual  discomfort  arises  largely  through  effort 
involved  in  raising  the  eyes  to  observe  pictures  presented  at  an  unduly 
high  level;  accordingly  importance  is  attached  to  the  recommendation 
that  the  angle  of  elevation,  measured  to  the  top  of  the  picture,  should  not 
exceed  350,  while  a  limit  to  the  lateral  angle  of  view  (250)  is  also  recom- 
mended. 

Other  matters  discussed  are  the  origin  of  flicker,  the  effect  of  imper- 
fections in  films  and  apparatus,  the  desirable  brightness  of  screen  and  the 
conditions  of  artificial  lighting  in  theatres.  On  these  subjects  the  Committee 
do  not  present  formal  recommendations  at  this  stage,  but  they  suggest 
general  principles  which  should  serve  as  a  useful  guide  to  cinema  pro- 
ducers. The  Committee  are  satisfied  that  the  requirement  that  the  illumina- 
tion in  all  parts  of  a  hall  should  not  be  less  than  one-fortieth  of  a  foot- 
candle  can  be  readily  satisfied  without  prejudice  to  the  appearance  of 
the  picture,  and  they  point  out  the  desirability  of  a  gradual  increase  in 
illumination,  passing  from  the  front  to  the  back  of  the  auditorium — a 
practice  that  has  already  been  adopted  with  advantage  in  some  theatres. 

In  undertaking  this  inquiry  the  Illuminating  Engineering  Society 
has  once  more  demonstrated  its  facilities  for  bringing  together  the  various 
interested  parties,  and  in  reconciling  somewhat  conflicting  points  of  view. 
The  co-operation  of  the  representatives  of  the  cinema  industry  has  been 
most  helpful  to  the  Committee  throughout  the  investigation.  We  welcome 
this  appreciation  of  the  wisdom  of  a  policy  of  accepting  scientific  guidance, 
irrespective  of  any  temporary  financial  inconvenience  that  may  be  involved, 
in  the  expectation  that  such  an  inquiry  must  tend  to  the  ultimate  benefit 
of  the  industry  as  well  as  that  of  the  general  public. 

Leon  Gaster. 
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TRANSACTIONS 


TLbc  3IIuminating  Engineering  Society 

(Founded  in  London,   1909). 

The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


ANNUAL    MEETING. 


(Proceedings  at  the  Annual  Sleeting  of  the  Illuminating  Engineering  Society  held  at  the  House 
of  the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi,  London,  W.C.,  at  8  p.m.,  on  Tuesday, 
May  11th,  1920.) 


The  Annual  Meeting  of  the  Illuminating 
Engineering  Society  was  held  at  the 
House  of  the  Royal  Society  of  Arts, 
London,  at  8  p.m.,  on  Tuesday,  May  11  th, 
the  chair  being  taken  by  Dr.  James  Kerr. 
The  Minutes  of  the  last  meeting  having 
been  taken  as  read  the  Hon.  Secretary 
announced  the  names  of  the  following 
applicants  for  membership  : — 

Balmford,  W 


The  following  resolution  was  then 
moved  by  Mr.  A.  Blok,  seconded  by  Mr. 
R.  C.  Bussell,  and  declared  carried 
unanimously  : — 

"  That  the  Annual  Report  of  the 
Council  for  the  Session  1919-1920  be 
adopted  and  that  a  vote  of  thanks  be 
moved  to  the  Council  and  Officers  of  the 
Society  for  their  services  during  the  past 
session." 


Barber,  Captain  J.  W.,  C.B.E. 
Donnison,  E.  G. 
Plummer,  R.  G. 
Severn,  E.  M. 


Manufacturing    Electrical    Engineer.    28, 
Queen's  Road,  Birmingham. 

Cinema     Expert,     60,    Welbeck     Street, 
Cavendish  Square,   London,   W.l. 

Engineer,      Cornwall     House,     Cornwall 
Street,  London,  S.W.I. 

Managing  Director,  Ceag  Mines  Supply 

Co.,   Ltd.,   Barnsley. 
Asst.     Lighting     Superintendent.    South 

Metropolitan  Gas  Co.,  709,  Old  Kent 

Road,  London,  S.E. 


The  Hon.  Secretary  then  proceeded  to 
read  in  abstract  the  usual  Report  of  the 
Council  for  the  Session  (pp.  175-178). 
Allusion  was  made  to  various  important 
topics  dealt  with  during  the  Session, 
and  the  useful  work  being  accomplished 
by  the  various  committees  of  the  Society, 
which  had  now  completely  resumed  its 
normal  activities. 


Mr.  L.  Gaster,  in  briefly  acknowledg- 
ing this  expression  of  appreciation  of  the 
services  of  the  Council  and  Officers, 
mentioned  that  Mr.  A.  P.  Trotter,  the 
President,  had  removed  from  London  to 
the  country,  and  while  still  taking  an 
interest  in  the  Society's  work,  had  sug- 
gested that  the  Council  should  now 
endeavour  to  find  a  suitable  successor  as 
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President.  The  Council,  in  expressing 
their  deep  appreciation  of  Mr.  Trotter's 
services  to  the  Society,  had  requested  him 
to  allow  his  name  to  be  retained  as 
President  until  a  suitable  successor  could 
be  found.  Meantime  he  felt  sure  that 
all  members  would  join  in  this  expression 
of  appreciation  of  the  services  he  had 
rendered  both  to  the  Society  and  to  the 
advancement  of  scientific  knowledge  on 
photometry  and  illumination. 

The  following  resolution  was  then 
moved  by  The  Chairman,  seconded  by 
Mr.  L.  Gaster,  and  carried  unani- 
mously : — 

"  That  this  meeting  desires  to  express 
a  cordial  vote  of  thanks  to  the  Royal 
Society  of  Arts  for  the  courteous  per- 
mission to  make  use  of  their  rooms  during 
the  past  session,  and  records  its  apprecia- 
tion of  the  encouragement  and  support 
which  the  Society  has  received." 

This  terminated  the  formal  business 
before  the  meeting,  and  the  Chairman 
then  called  upon  Captain  J.  W.  Barber, 
C.B.E.,  to  read  his  paper  on  "  Recent 
Developments  in  Types  of  Portable  Cinema 
Outfits."  The  lecture,  which  was  illus- 
trated by  a  series  of  demonstrations  of 
different  forms  of  portable  cinema  pro- 
jectors, was  much  appreciated. 

Captain  Barber  pointed  out  that  these 
types  of  apparatus,  which,  still  in  the 
developing  stage,  opened  to  the  cinema 


new  fields  of  usefulness.  The  technical 
problems  involved  in  the  optical  design 
of  the  projector  were  of  great  interest  to 
illuminating  engineers,  and  in  bringing 
this  subject  before  the  Society,  he  hoped 
that  he  would  be  instrumental  in  inducing 
its  members  to  aid  in  the  solution  of 
various  outstanding  problems. 

An  interesting  discussion  ensued,  in 
which  The  Chairman  (Dr.  James  Kerr), 
Mr.  F.  R.  Goodwin  (President  of  the 
Cinematograph  Exhibitors'  Association), 
Major  A.  Cooper-Key  (Home  Office, 
Explosives  Dept.),  Mr.  E.  Ridley 
(London  Fire  Brigade),  Mr.  J.  C.  Elvy, 
Mr.  A.  Blok,  and  Mr.  A.  L.  Roberts 
took  part.  Captain  J.  W.  Barber 
briefly  replied  to  the  various  points 
raised  in  the  discussion. 

The  Chairman,  in  proposing  a  cordial 
vote  of  thanks  to  Captain  Barber  and  to 
the  firms  who  had  contributed  to  the 
interest  of  the  evening  by  the  exhibition 
of  apparatus,  remarked  that  the  portable 
cinema  presented  an  interesting  field  for 
study,  and  had  considerable  possibilities 
for  educational  work.  It  was  evident 
that  considerable  progress  had  already 
been  made  in  the  design  of  such  apparatus, 
which  offered  great  opportunities  for  the 
ingenuity  of  lighting  experts. 

In  conclusion  it  was  announced  that 
the  first  meeting  of  the  next  session 
would  take  place  in  November  next. 


NATIONAL       ILLUMINATION       COM- 
MITTEE  OF   GREAT   BRITAIN. 

At  a  meeting  of  the  National  Illumina- 
tion Committee  on  June  21st,  the  resigna- 
tion of  the  Chairman,  Mr.  A.  P.  Trotter, 
on  account  of  his  retirement  to  the 
country,  was  accepted  with  great  regret, 
and  Major  Kenelm  Edgcumbe  (Vice- 
Chairman)  was  elected  as  his  successor. 
Mr.  C.  C.  Paterson,  representing  the 
Illuminating  Engineering  Society,  was 
elected  to  the  vacant  position  of  Vice- 
Chairman. 

Dr.  E.  P.  Hyde  attended  the  meeting 
as  a  delegate  from  the  United  States 
National    Illumination    Committee,    and 


gave  an  account  of  his  interviews  with 
various  members  of  the  National  Com- 
mittees in  France,  Italy.  Switzerland, 
Belgium  and  Holland. 

It  was  proposed  by  Mr.  Butterfield 
and  seconded  by  Mr.  Gaster  that  "  in 
the  opinion  of  this  Committee  a  meeting 
of  the  International  Illumination  Commis- 
sion should  be  held  in  Paris  next  year  to 
discuss  technical  questions,"  and  this 
proposal  was  carried  unanimously. 

Dr.  E.  P.  Hyde  and  Mr.  L.  Gaster 
suggested  that  the  matter  of  legislation  in 
regard  to  the  conditions  of  illumination 
necessary  for  health,  safety  and  efficiency 
in  factories  should  form  one  of  the 
subjects  for  consideration. 
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REPORT    OF    THE    COUNCIL   FOR    THE    SESSION 
(November,    1919— May,    1920). 

(Presented  at  the  Annual  Meeting  held  at  the  House  of  the  Royal  Society  of  Arts, 
18,  John  Street,  Adelphi,  W.C.,  at  8  p.m.,  on  Tuesday,  May  11th,  1920.) 


During  the  past  session  there  has  been 
a  return  towards  normal  conditions  in 
regard  to  lighting,  and  the  Society  has 
been  able  to  adhere  more  closely  to  its 
usual  course  of  work.  It  has  had  the 
pleasure  of  welcoming  back  the  majority 
of  its  members  who  were  formerly  serving 
with  the  forces  or  engaged  on  special 
war  work  and  continues  to  receive  an 
encouraging  influx  of  new  members. 
The  arrangement  by  which  the  Presidents 
of  kindred  associations  become  during 
their  tenure  of  office  members  of  Council 
of  the  Illuminating  Engineering  Society, 
has  been  extended  and  now  applies  to 
the  following  bodies  : — 

The  Illuminating  Engineering  Society 
in  the  United  States  ;  the  Illuminating 
Engineering  Society  in  Japan ;  the 
Institution  of  Gas  Engineers ;  the 
Institution  of  Electrical  Engineers  ;  the 
Council  of  British  Ophthalmologists ; 
the  Ophthalmological  Society :  the 
Physiological  Society  :  the  Electrical 
Contractors  Association ;  and  the 
Association  of  Railway  Electrical  and 
Telegraph  Engineers. 

The  Council  record  with  regret  the 
death  of  three  members  of  the  Society 
during  the  past  session — Professor  A.  G. 
Vernon  Harcourt  and  Sig.  L.  Pontiggia, 
both  of  whom  were  Honorary  Members, 
and  Mr.  S.  D.  Chalmers,  who  was 
associated  with  the  Dept.  of  Technical 
Optics  at  the  Northampton  Institute^ 
Obituary  notices  have  appeared  in  the 
official  organ. 

Following  the  last  annual  meeting  a 
special  summarv  of  the  work  of  the 
Society  during  "the  period  1909-1919 
was  published  in  The  Illuminating 
Engineer,  and  has  since  been  reprinted 
in  pamphlet  form.  The  pamphlet  has 
proved  of  considerable  value  in  interesting 
others  in  the  work  of  the  Society. 


Meetings  of  the  Society. 

Several  of  the  meetings  held  during  the 
past  session  have  been  of  great  interest, 
and  have  aptly  illustrated  the  utility  of 
the  principle  adopted  by  the  Society 
of  securing  the  co-operation  of  other 
bodies  on  subjects  of  common  interest. 

In  accordance  with  the  usual  practice, 
the  opening  meeting  on  November  25th, 
1919,  was  devoted  to  a  review  of  progress, 
and  exhibits  of  novel  lighting  devices  of 
various  kinds.  An  address  on  "  Lambert 
and  Photometry  "  was  delivered  by  the 
President,  and  a  report  on  "  Progress 
during  the  Vacation  "  by  the  Hon. 
Secretary.  A  report  on  "  The  Position 
of  the  Metal  Filament  Lamp  and  Fittings 
Industry  at  the  Present  Time  "  was 
presented  by  the  Committee  on  Progress 
in  Lamps  and  Lighting  Appliances.  It 
is  hoped  that  reports  of  this  nature, 
dealing  with  progress  in  the  chief 
illuminants,  will  form  a  regular  feature 
at  the  opening  meetings  of  future  sessions. 
Mr.  L.  C.  Martin  exhibited  the  Shering- 
ham  Daylight  unit  and  Mr.  P.  Freedman 
a  variety  of  new  forms  of  Pointolite 
Lamps.  Mr.  Haydn  T.  Harrison  showed 
a  new  form  of  illumination-photometer 
which  had  several  interesting  features. 

On  December  16th.  1919.  Captain 
W.  A.  Howells,  O.B.E..  gave  a  lecture 
on  "  The  Art  of  Camouflage,"  which  was 
fully  illustrated  by  lantern  slides,  and 
discussed  many  problems  in  visibility, 
some  of  considerable  interest  to  the 
illuminating  engineer. 

At  the  next  meeting,  on  January  27th, 
Mr.  L.  C.  Martin  read  a  paper  on  "  Colour- 
Matching  by  Naturaland  Artificial  Light." 
and  a  number  of  exhibits  dealing  with 
lighting  appliances  and  instruments  for 
colour-matching  work  were  shown.  Some 
valuable  supplementary  contributions 
were    received    from    Mr.    M.    Luckiesh 
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and  Mr.  N.  MacBeth  summarising  pro- 
gress made  in  the  use  of  "  Artificial 
Daylight  "  in  the  United  States,  and  the 
discussion  furnished  a  useful  review  of 
knowledge   in  this   important   field. 

The  subsequent  gathering  on  February 
24th  proved  to  be  one  of  the  best 
attended  meetings  of  the  Society.  On 
this  occasion  Dr.  T.  Lister  Llewellyn 
read  a  paper  on  the  subject  of  "  Lighting 
Conditions  in  Mines  with  special  reference 
to  the  Eyesight  of  Miners  "  a  supple- 
mentary contribution  being  presented 
on  the  same  subject  by  Dr.  H.  S. 
Elworthy.  The  co-operation  of  the 
Council  of  British  Ophthalmologists  and 
the  Ophthalmological  Section  of  the 
Royal  Society  of  Medicine  proved  must 
valuable  at  this  discussion,  ophthalmic 
surgeons  having  special  knowledge  of 
the  subject  coming  from  all  parts  of  the 
country  to  attend  the  meeting.  The 
papei  and  subsequent  discussion  dealt 
mainly  with  the  prevalence  of  "  miner's 
nystagmus,"  and  revealed  a  general 
consensus  of  opinion  that  inadequate 
lighting  is  one  of  the  most  influential 
factors  in  the  causation  of  this  disease, 
which  can  best  be  remedied  by  the 
joint  efforts  of  the  lighting  expert  and 
the  ophthalmologist. 

The  meeting  on  March  30th  was 
likewise  devoted  to  a  subject  of  con- 
siderable public  importance.  In  view  of 
the  interest  aroused  in  the  interim  report 
issued  by  the  Advisory  Committee  on 
Lights  ami  Vehicles,  sitting  under  the 
Ministry  of  Transport,  it  was  considered 
that  a  general  discussion  on  ''  Motor 
Car  Headlights  and  Hear  Lights  in 
relation  to  Traffic  Requirements  "  would 
be  opportune  and  Mr.  J.  W.  T.  Walsh 
kindly  consented  to  open  the  discussion, 
to  which  representatives  of  the  leading 
bodies  interested  in  motor  traffic  were 
invited  to  be  present.  Here,  again, 
the  paper  and  discussion  provided  a 
useful  survey  of  existing  conditions, 
which  should  form  the  basis  of  further 
experiments. 

The  final  meeting,  prior  to  the  Annual 
Meeting,  on  April  20th  was  devoted  to  a 
paper  on  "The  Artificial  Lighting  of 
Churches  "  by  Mr.  J.  Darch,  in  which  the 
fundamental  principles  to  be  observed 
in  lighting  churches  were  outlined  and 
illustrated   by   numerous   diagrams. 


Work  of  Committees. 

A  considerable  amount  of  work  has 
been  done  by  the  Joint  Committee 
appointed  by  the  Society,  to  inquire 
into  the  subject  of  "  Eyestrain  in 
Cinemas/'  in  response  to  an  inquiry 
addressed  to  the  Society  by  the  London 
County  Council.  In  the  course  of  their 
investigations  the  members  of  the  Com- 
mittee visited  a  number  of  cinema  halls 
in  the  London  district,  and  witnessed 
a  series  of  demonstrations,  and  the 
inquiry  has  afforded  a  useful  illustration 
of  the  benefit  of  co-operation  between 
ophthalmic  surgeons,  physiologists,  and 
lighting  experts. 

The  constitution  of  this  Joint  Com- 
mittee, on  which  the  Illuminating 
Engineering  Society,  the  Council  of 
British  Ophthalmologists  and  the  Physio- 
logical Society  are  represented  and  which 
also  receives  the  assistance  of  officers  of 
the  L.C.C.  and  delegates  from  the  cinema 
industry,  has  already  been  published  in 
the  official  organ.  The  Committee  have 
prepared  an  Interim  Report  which,  it  is 
Imped,  will  shortly  be  placed  in  the 
hands  of  the  London  County  Council 
with  the  request  that,  after  consideration 
by  that  body,  permission  should  be 
accorded  for  publication  in  The 
Illuminati  xc  Engineer. 

The  Joint  Committee  on  Railway 
Lighting,  the  formation  of  which  was 
announced  in  the  Report  of  the  Council 
for  the  previous  session,  has  also  been  at 
work,  and  has  recently  received  the 
requisite  sanction  from  the  authorities 
for  the  carrying  out  of  tests  on  the 
chief  railways.  It  is  hoped  that  during 
the  next  session. a  considerable  amount 
of  useful  work  will  be  done  by  this 
Committee. 

The  Committee  on  Progress  in  Lamps 
and  Lighting  Appliances,  as  already 
noted,  furnished  the  Society  with  a 
Report  at  the  opening  of  the  present 
Session,  and  it  is  hoped  that  similar 
reports  dealing  both  with  electric  and 
gas  lighting  will  be  available  at  the 
opening  meeting  in  November  next. 

As  has  been  our  experience  in  the  past, 
the  present  session  has  suggested  several 
other  subjects  which  might  well  be 
studied  by  joint  committees.  In  the 
course  of  the  discussion  on  "  Lighting 
Conditions  in  Mines  with  special  reference 
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to  the  Eyesight  of  Miners  "  Mr.  Bernard 
Cridland  suggested  the  desirability  of  a 
systematic  inquiry  by  a  Joint  Committee 
to  settle  many  points  in  connection  with 
the  causation  of  miner's  nystagmus. 
It  is  proposed  that  a  suitably  con- 
stituted Joint  Committee,  on  which  the 
Illuminating  Engineering  Society,  the 
Council  of  British  Ophthalmologists  and 
the  Royal  Society  of  -Medicine  should  be 
represented,  to  undertake  simultaneous 
investigations  into  conditions  of  illumina- 
tion in  mines  and  the  eyesight  of  workers, 
and  it  is  hoped  that  this  project  will 
receive  the  sympathetic  co-operation 
of  the  Home  Office,  as  a  useful  supple- 
ment to  the  Committee  already  sitting 
on  Miners'  Lamps. 

It  is  also  possible  that  an  opportunity 
for  the  services  of  the  Society  may  be 
afforded  by  the  further  consideration 
of  motor  car  headlights,  regarding  which 
the  Society  has  already  been  in  com- 
munication with  the  Ministry  of 
Transport. 

Co-Operation  with  Other  Bodies. 

The  Society  has  maintained  its  co- 
operation with  various  other  bodies, 
in  addition  to  those  to  which  reference 
has  already  been  made.  The  London 
"  Safety  First  "  Council  and  the  British 
Industrial  "  Safety  First  "  Council  have 
been  continuing  their  valuable  work, 
and  through  their  various  committees 
have  dealt  with  various  problems  in 
which  the  use  of  light  as  an  aid  to  safety 
is  concerned.  The  latter  body  has 
recently  issued  a  pamphlet  summarising 
the  advantages  of  good  lighting  in  the 
interests  of  safety  and  efficiency,  and 
it  is  hoped  that  one  section  of  its  activities 
will  be  the  collection  of  data  on  the 
chief  causes  of  accidents,  amongst  which 
inadequate  lighting  will  receive  con- 
sideration. 

The  Society  was  again  invited  to 
co-operate  in  connection  with  the  second 
British  Scientific  Products  Exhibition 
held  at  the  Central  Hall,  Westminster, 
during  July  3rd  to  August  5th,  1919, 
and  the  Council  note  with  pleasure  the 
intention  of  making  this  Exhibition  an 
annual  event.  A  lecture  on  "  Scientific 
Lighting  and  Industrial  Efficiency  "'  was 
read    by    Mr.   L.    Gaster,   in   which   the 


important    part    played    by    lighting    in 
facilitating  production  was  explained. 

A  paper  on  "  Industrial  Lighting  in 
relation  to  Efficiency  "  was  also  read  by 
Mr.  Gaster  before  the  Royal  Society  of 
Arts  on  March  21th,  1920,  in  the  course 
of  which  the  need  for  international  treat- 
ment of  this  subject  was  emphasised. 
Dr.  T.  M.  Legge,  H.M.  Chief  Inspector  of 
Factories,  who  opened  the  discussion, 
stated  that  he  hoped  that  the  desired 
general  statutory  provision  requiring 
adequate  lighting  would  be  introduced 
into  the  Factory  Act  very  shortly. 

International  Co-operation  in 
Illuminating  Engineering. 

One  gratifying  sign  of  the  restoration 
of  normal  conditions  in  regard  to  illum- 
inating engineering  has  been  the  recom- 
mencement of  international  co-operation. 
In  the  years  preceding  the  war  the 
Society  derived  great  benefit  from  the 
assistance  of  its  corresponding  members 
in  various  parts  of  the  world.  During 
the  war  this  co-operation  was  unavoidably 
checked,  but  during  the  present  Session 
there  have  been  several  occasions  on 
which  valuable  contributions  have  been 
received  from  abroad  in  connection  with 
discussions,  notably  those  on  "  Colour- 
matching  by  Natural  and  Artificial 
Light,"'  "  Motor-Car  Headlights,"'  and 
"  Lighting  Conditions  in  Mines." 

Another  feature  in  the  Society's  pro- 
gramme has  been  its  regular  participa- 
tion in  International  Congresses,  at 
which  various  aspects  of  illumination 
were  discussed.  The  forthcoming  Con- 
gress of  the  Royal  Institute  of  Public 
Health,  at  which  the  Society  will  be 
represented,  in  the  person  of  its  Hon. 
Secretary,  will  furnish  an  opportunity 
of  renewing  many  connections  tem- 
porarily severed,  and  recommencing  the 
work  that  had  been  initiated  before  the 
Avar  on  such  subjects  as  industrial  light- 
ing, a  matter  which,  it  is  felt,  especially 
deserves  international  treatment. 

Attention  has  been  drawn  to  the 
renewal  of  work  by  the  National  Illumina- 
tion Committee  in  this  country,  which 
will  doubtless  prove  an  indication  of  the 
restoration  of  the  International  Illumina- 
tion Commission  which  came  into  exist- 
ence a  few  years  before  the  war. 
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The  Council  observe  with  pleasure  the 
continued  progress  of  the  Japanese 
Illuminating  Engineering  Society,  some 
particulars  of  which  have  been  published 
in  the  official  organ,  while  other  informa- 
tion has  been  afforded  by  its  first  Presi- 
dent, Dr.  Yamakawa,  who  was  recently 
on  a  visit  to  this  country. 

The  Illuminating  Engineering  Society 
in  the  United  States  has  been  continuing 
its  work  with  its  usual  energy,  and  it  is 
to  be  observed  that  there  are  now  six 
States  which  possess  codes  of  industrial 
lighting.  There  should  therefore  be 
many  opportunities  for  fruitful  co- 
operation between  these  various  bodies 
in  the  advancement  of  illumination. 

Future    Prospects    op   the    Society. 

The  new  arrangement,  whereby  two 
classes  of  membership  (*'.«.*  members  and 
associates)  are  recognised,  has  operated 
satisfactorily  during  the  current  year, 
and  the  increase  in  subscription  for 
members  has  Keen  well  received,  ami  has 
not  exercised  a  detrimental  effecl  Oil  the 
numbers  of  the  Society.  The  revenue 
has    accordingly    shown    a    considerable 


increase  during  the  past  session,  but 
it  is  still  desirable  that  an  increased 
membership  should  be  attained,  with  a 
view  to  extending  the  work  and  influence 
of  the  Society.  Members  whose  sub- 
scriptions have  fallen  into  arrear  during 
the  war  but  who  now  desire  to  resume 
their  participation  in  the  Society's  work 
are  particularly  requested  to  send  their 
contributions  to  the  Hon.   Secretary. 

In  view  of  the  new  opportunities 
offered  for  the  services  of  the  Society  its 
prospects  for  the  future  appear  satisfac- 
tory. The  Council  are  now  preparing 
the  programme  of  papers  for  the  next 
session  and  invite  suggestions  from 
members  who  are  prepared  to  read 
papers.  Among  the  subjects  selected  for 
early  treatment  are  "  Ship  Lighting " 
and  "  The  Use  of  Light  in  Aerial  Navi- 
gation," and  the  Aeronautical  Society 
have  already  been  approached  with  a 
view  to  holding  a  joint  meeting  for  the 
discussion   of  the   latter   subject. 

By  order  of  the  Council, 

L.  Caster, 

Hon.  Secretary. 


GLASGOW    LIGHTING    ASSOCIATION. 

We  have  received  an  account  of  the 
recent  proceedings  of  the  Glasgow  Light- 
ing Association,  to  which  reference  has 
recently  been  made  in  this  journal.*  We 
observe  that  on  May  19th  a  visit  was 
paid  to  the  works  of  Messrs.  Stewarts  and 
Lloyds  at  Tollcross,  while  June  9th  was 
devoted  to  a  social  excursion  on  the  Firth 
of  Clyde. 

A  useful  step  has  been  taken  by  the 
Association  in  publishing  a  list  of  works 
on  the  subject  of  illumination  and  photo- 
metry  available  in  public  libraries  of  the 
City  of  Glasgow,  a  key-letter  giving  the 
reference  in  each  case  to  the  particular 
library  where  each  work  is  to  be  seen. 
The  list  so  compiled  is  quite  a  compre- 
hensive one  and  should  be  of  considerable 
service  to  members  of  the  Association. 


*  March,  1920,  p.  108. 


ROYAL  SANITARY  INSTITUTE. 

Thirty-first  Congress. 

We  observe  that  the  thirty -first  con- 
gress of  the  Royal  Sanitary  Institute  is 
being  held  in  Birmingham  during  July 
19th-2-lth,  under  the  Presidency  of  the 
Rt.  Hon.  Viscount  Astor,  Secretary  of  the 
Ministry  of  Health.  A  special  section  on 
Industrial  Hygiene,  with  which  Sir 
Thomas  Oliver  is  associated  as  one  of  the 
Y ice-Presidents,  will  be  presided  over  by 
Mr.  Neville  Chamberlain,  M.P.  Among 
the  subjects  to  be  discussed  in  this  section 
are  Industrial  Efficiency  and  Fatigue, 
Welfare  Work  in  Factories,  and  the 
Health  of  Seamen. 

An  attractive  programme  of  visits  to 
local  places  of  interest  has  been  arranged. 
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RECENT  DEVELOPMENTS   IN    TYPES    OF    PORTABLE 

CINEMA    OUTFITS 


By  Captain  J.  W.  Barber,  C.B.E. 

(Paper  read  at  the  Annual  Meeting  of  the  Illuminating  Engineering  Society  held  at  the  House 
of  the  Royal  Society  of  Arts,  18,  John  Street.  Adelphi,  London,  W.C.,  at  8  p.m.,  on 
Tuesday,  May  11th,  1920.) 


I  hope  I  may  be  pardoned  for  pre- 
facing my  remarks  on  a  technical  subject 
by  a  general  reference  to  the  cinema  of 
to-day  in  relation  to  its  past  rapid  growth 
and  its  future  potentialities. 

Cinematography  has  belied  the  forecast 
of  all  but  a  small  number  of  its  early 
sponsors.  A  few  years  only  have  passed 
since  the  great  majority  of  people  con- 
sidered the  cinema  to  be  but  a  passing 
craze,  one  that  would  have  a  brief  and 
not  too  bright  existence.  To-day  it  is 
accepted  by  all  as  an  established  institu- 
tion ;  but,  even  now,  it  is  my  belief  that 
cinematography  is  but  in  the  transition 
stage,  which  to-morrow  will  see  as  an 
influence  wielding  gigantic  power,  and 
one  that  will  form  an  integral  part  in  all 
walks  of  social  and  industrial  life. 

What  was  yesterday  an  amusement, 
supported  principally  by  the  lower 
classes,  has  become  an  entertainment 
welcomed  and  patronised  by  all  degrees 
of  society,  from  Boyalty  downwards, 
whilst  the  future  will  see  it  in  its  maturity, 
so  immense  that  the  present  entertain- 
ment side  of  the  buisness  will  be  probably 
its  smallest  part. 

"  The  pen  is  mightier  than  the  sword  "  ; 
but  the  screen  of  the  future  will  be.  far 
mightier  than  the  united  press  of  the 
world.  It  may  be  thought  that  I  am 
drawing  the  low  bow  ;  but  I  say  this 
fully  conscious  of  the  drastic  nature  of 
my  statement.  I  say  it  because  I  believe 
that  the  cinema  forms  the  missing  link 
of  universal  intercourse  that  mankind 
has  been  waiting  for  since  the  cleavage 
of  the  tongues.  The  cinema  is  the  one 
universal  language  requiring  no  transla- 
tion for  different  races,  and  one.  moreover, 
than  can  be  interpreted  alike  by  all 
standards  of  intelligence  and  degrees  of 
education. 

The    cinema    requires    no     '*  reading 


between  the  lines  "  ;.  subtleties  of  ex- 
pression are  not  lost ;  and,  whatever  the 
mental  capacity  of  the  observer,  the 
picture  tells  its  story  every  time  precisely 
as  the  producer  intended. 

With  these  convictions  I  approach  the 
field  of  use  of  portable  types  of  cinema 
outfits  with  the  belief  not  that  this 
type  of  outfit  shall  be  considered  an 
amusing  toy  of  doubtful  practicability, 
but  that  it  should  be  constructed  along 
lines  of  the  greatest  reliability,  where 
precision  and  simplicity  of  projection  are 
indispensable  conditions. 

When  manufacturers  appreciate  the 
field  of  work  of  the  future,  then  great 
advances  will  be  made  ;  but  to-day. 
when  novelty  of  general  appearance  and 
cost  of  production  are  paramount  neces- 
sities for  the  existing  market,  it  cannot 
be  expected  that  there  exists  the  type  of 
outfit  which  the  future  possibibties  of 
the  cinema,  outside  the  walls  of  the 
entertainment  house,  demand. 

The  cinematograph  projector  is  a  com- 
bination of  optical,  mechanical  and 
electrical  apparatus,  that  is,  electrical  so 
far  as  it  may  be  desired  to  utilise  the 
most  convenient  form  of  existing  illumi- 
nation for  projection  purposes.  These 
three  factors  are  interwoven  in  the  con- 
struction of  cinema  apparatus  ;  and  the 
designer  must  be  one  who  understands 
the  relative  importance  and  functions  of 
these  three  primaries.  He  must,  there- 
fore, be  optician,  mechanician  and 
electrician. 

There  exist  to-day  projectors  obviously 
built  by  mechanics.  There  are  those 
stamped  as  it  were  with  the  name 
"  optician  *'  ;  and  there  is  a  smaller 
third  where  the  high  quality  of  the 
electrical  work  is  only  emphasised  by 
neglect  of  the  other  two  features. 

Even    in    stationary    projector    work 


180 


THE  ILLUMINATING  ENGINEER  (juke  1920) 


there  is  much  room  for  improvement,  and 
we  must  wait  for  the  future  to  produce 
the  apparatus  that  most  closely  fulfils 
the  requirements  of  a  perfect  cinema 
2>rojector. 

At  one  end  of  the  scale  of  portability  I 
may  perhaps  be  permitted  to  place  the 
Cinemotors  which  I  had  the  honour  of 
devising  for  His  Majesty's  Government, 
and  which  were  used  extensively  by  the 
Ministry  of  Information  and  the  Na- 
tional War  Aims  Committee  during  the 
war  for  work  in  England  and  abroad. 

Perhaps  one  should  say  of  this  appara- 
tus that  it  was  more  mobile  than  portable, 
as  it  was  of  massive  and  heavy  con- 
struction. It  consisted  of  a  commercial 
motor  vehicle,  on  which  was  carried  a 
pertol-electric  generating  plant,  together 
with  a  cinematograph  projector  and  the 
necessary  switchgear,  so  as  to  form  a 
self-contained  and  complete  cinemato- 
graph apparatus  independent  of  any 
oxygen  or  hydrogen,  or  outside  source 
of  electric,  light  for  illumination. 

The  Cinemotors  were  equipped  with 
spare  parts,  repair  outfits,  sleeping 
accommodation,  and  portable  cooking 
utensils,  to  enable  each  unit  to  work  far 
removed  from  its  base,  and  to  operate 
independently  of  anything  except  a  supply 
of  petrol. 

The.  features  of  the  apparatus  were  the 
employment  of  a  very  carefully-balanced 
generating  plant,  and  by  the  exercise  of 
care  in  regard  to  the  springs  of  the 
motor  vehicle,  which  had  to  be  entirely 
"  unsympathetic  "  or  "  out  of  period  " 
with  any  inherent  vibration  of  the 
generating  plant. 

In  this  way,  and  upon  the  relatively 
unstable  foundation  of  the  motor  lorry 
platform,  without  the  use  of  jacks  or 
other  external  appliances,  the  somewhat 
delicate  cinema  apparatus  projected  a 
picture  as  brilliantly  perfect  and  rock 
steady  as  that  associated  with  the  highest 
class  of  cinema  theatre. 

It  has  to  be  observed  in  this  connection 
that,  whereas  the  distance  from  the  lens 
to  the  screen  may  be  anything  from  100 
to  150  feet,  the  distance  between  the  lens 
and  the  film  is  but  a  few  inches,  so  that 
any  oscillation  of  the  projection  apparatus 
around  the  fulcrum  of  the  light  beam 
would  cause  a  very  large  displacement 
of  the  picture  on  the  screen. 


At  the  other  end  of  the  scale  of  porta- 
bility I  must  place  the  miniature  Pathe- 
scope,  which  will  be  demonstrated  this 
evening,  the  only  other  self-contained 
apparatus,  independent  of  any  exterior 
source  of  illumination,  with  which  I  am 
acquainted. 

Here  we  have  an  apparatus  weighing 
but  a  few  pounds,  the  turning  of  the 
projector  handle  operating  the  small 
dynamo  generating  the  current  for  the 
incandescent  lamp  used  for  projection. 

Whereas  the  Cine  motor  had  a  5-kilo- 
watt  arc  lamp  illuminatini;  a  picture  of 
500  superficial  feet,  the  Pathescope  with 
its  6-watt  lamp  project-  a  picture  4  feet 
in  width,  approximating  12  square  feet. 

Here  then  we  have  the  two  extremes  of 
portable  cinema  equipments,  the  one  of 
use  only  as  an  appeal  to  enormous 
crowds,  and  the  other  a  useful  appliance 
suitable  for  an  almost  infinite  number 
of  applications. 

A  feature  of  the  Pathescope,  wherein 
it  departs  from  all  other  apparatus  at 
present  available,  a  feature  both  advan- 
tageous and  disadvantageous  to  the  user, 
is  that  the  machine  is  not  standard  so  far 
as  accommodation  to  film  is  concerned, 
that  is,  it  will  run  only  films  specially 
perforated  for  the  apparatus.  The  great 
advantage  of  this  relates  to  its  safety 
from  fire  risk,  as  the  makers  supply  only 
films  of  a  comparatively  non-inflammable 
character,  and  which  completely  eliminate 
danger  of  fire.  The  disadvantage  is  that 
the  user  is  limited  for  subjects  to  the 
makers'  library,  which  it  must  be  admitted 
is  fairly  comprehensive  and  in  process  of 
enlargement,  but  nevertheless  a  possible 
handicap  to  many  potential  users.  I 
understand,  however,  that  an  alternative 
machine  to  accommodate  standard  film 
will  soon  be  available. 

In  connection  with  fire,  I  refer  more 
to  the  danger  incurred  during  the  handling 
and  storing  of  films,  as  modern  pro- 
jectors provide  safeguards  against  any 
serious  fire  risk  during  operating. 

Nevertheless,  a  potential  danger  always 
exists  with  inflammable  films  ;  and  this 
of  course  is  not  lessened,  but  rather 
increased,  by  the  use  of  film  equipment 
in  private  houses  and  institutions  where 
the  apparatus  is  within  the  auditorium, 
and  skilled  operatives  may  not  be 
employed.     There  are  indications  which 
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point  to  the  future  discovery  of  a  film 
base  as  durable  as  the  ordinary  celluloid 
one  now  employed,  but  without  the 
objectionable  features  of  that  medium. 
Still  to-day  we  must  face  the  fact  and 
couple  with  the  possibilities  of  the  cinema 
its  limitations  and  drawbacks  so  far  as 
indiscriminate  use  of  film  apparatus  is 
concerned. 

Between  the  two  already-mentioned 
extremes,  the  Cinemotor  and  the  Pathe- 
scope,  is  introduced  the  great  bulk  of 
apparatus  classed  as  home  and  portable 
projectors,  and  which  mostly  are  minia- 
ture brethren  of  the  professional  model. 
These,  whilst  designed  to  accommodate 
the  standard  size  of  film,  are  of  very 
light  construction  and  dependent  upon 
an  outside  source  of  energy  for  illumina- 
tion. 

Weight  is  a  consideration  in  any 
portable  apparatus,  but  there  must  be  a 
limit  to  the  cutting  down  of  weight  as 
the  essentials  of  the  projection  apparatus 
cannot  be  eliminated.  There  must  be 
spools  for  the  holding  of  the  film.  A  gate- 
must  be  employed  to  hold  the  picture 
squarely  and  securely  at  the  correct 
plane  in  relation  to  the  optical  centre. 
There  must  be  an  intermittent  feeding 
mechanism  to  bring  each  successive 
picture  into  the  line  of  light  precisely  in 
the  same  position  as  its  predecessor. 
There  must  be  a  shutter  so  operating 
that  the  light  rays  are  prevented  from 
reaching  the  screen  during  the  movement 
of  the  picture,  but  uncovering  for  the 
passage  of  light  immediately  the  picture 
has  come  to  rest.  There  must  be  a  train 
of  gear  wheels  for  operating  the  principal 
devices.  A  chamber  must  be  provided 
for  the  light ;  and  a  suitable  optical 
condenser  and  projection  lens  employed. 

These  essentials  must  be  present  in  all 
projectors  ;  and,  moreover,  with  the 
exception  of  the  lens  and  power  of 
illuminant,  have  no  bearing  on  whether 
pictures  of  2  or  20  feet  in  width  are 
projected. 

Unfortunately,  many  of  the  smaller 
types  of  what  I  must  designate  as  minia- 
ture professional  projectors,  owing  to  the 
fragility  of  construction  and  the  poorness 
of  material  employed,  prevent  precision 
being  attained  without  difficulty,  and 
without  frequent  adjustment  ;  and  it  is 
particularly  noticeable  that  the  smaller 


type  of  machine  is  less  equipped  with 
accessible  adjustments  than  the  larger 
apparatus,  less  prone  to  require  it. 

The  last  year  or  so  has,  however,  seen 
the  introduction  of  a  type  of  apparatus 
which  has  met  a  big  demand  for  a  machine 
portable  in  character  ;  and,  whilst  being 
particularly  light,  is  nevertheless  built  on 
sound  lines,  the  component  parts  being 
correctly  proportioned  and  made  of  high- 
grade  metals. 

The  source  of  illumination  is  usually  a 
half-watt  focus  type  incandescent  lamp, 
the  energy  being  obtained  from  the 
ordinary  domestic  service.  The  whole  is 
mounted  in  a  travelling  case  ;  and  I 
think  I  can  refer  collectively  to  this  type 
of  apparatus  as  the  "  Suit  Case  Pro- 
jector." 

Whilst  this  does  not  meet  every  demand 
of  the  future,  the  type  nevertheless 
presents  a  highly  useful  projection 
appliance.  The  whole  is  self-contained, 
requiring  no  dismantling  and  re-erection, 
except  of  course  the  screen,  which  is  a 
separate  unit,  and  can  be  hung  anywhere. 
It  is  practically  vibrationless,  requires  no 
special  stand,  and  can  be  operated  from 
any  table. 

I  am  able  to  show  you  this  evening 
two  makes  of  this  class  of  projector, 
each  fitted  with  a  miniature  driving 
motor,  so  that,  after  the  threading  of  the 
film,  nothing  is  needed  but  to  close  the 
switch  and  let  the  machine  do  the  rest. 

It  is  astonishing  the  service  this  light 
type  of  apparatus  will  perform  with 
suitable  screens  and  an  ordinary  5- 
anipere  supply.  A  good  6  or  7  feet  wide 
picture  can  be  projected  that  will  satisfy 
most  ordinary  purposes. 

I  have  recently  seen,  and  I  am  fortunate 
to  have  loaned  me  this  evening,  the  only 
apparatus  of  the  kind  in  this  country. 
The  outfit,  although  not  strictly  portable, 
is  one  possessing  extraordinarily  unique 
features,  and  should  fill  a  want  for  houses 
and  institutions  where  a  small  cinemato- 
graph apparatus  is  desired  for  permanent 
use.  The  machine  is  designed  in  cabinet 
form,  and  a  translucent  screen  employed, 
the  light  being  projected  via  a  series  of 
mirrors  on  to  the  back  of  the  screen. 
In  this  way  little  space  is  occupied,  as 
the  greatest  length  of  the  cone  of  light  is 
in  a  vertical  direction. 

I    am   of   opinion  that   there   is    con- 
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siderable  room  for  mechanical  improve- 
ment in  this  apparatus  ;  but  it  certainly 
is  an  outfit  possessing  outstanding  and 
novel  features,  and  seems  to  be  the  ideal 
for  chamber  use.  It  is  not  possible  to 
stand  in  the  way  of  the  light.  It  is  not 
necessary  to  hang  the  screen  on  the 
opposite  wall.  The  whole  plant  is 
always  there  unobtrusively,  as  the  outfit, 
as  will  be  seen,  can  he  built  to  represent 
a  book  case,  or  similar  piece  of  furniture, 
and  made  to  harmonise  with  its  sur- 
roundings. It  is  ready  at  a  moment's 
notice  to  produce  a  picture. 

My  remarks  will  not  be  complete  with- 
out a  few  notes  on  the  ideals  to  be  aimed 
at  in  the  manufacture  of  the  portable  or 
home  type  of  projector. 

Fire  Risk. 

First  and  foremost  comes  safety  from 
fire.  To  ensure  the  greatest  degree  of 
protection  the  apparatus,  whatever  its 
general  shape,  must  be  compartmented. 
Each  spool  of  film  should  be  in  a  separate 
metal  magazine  with  film  passages  there- 
from, so  fitted  with  traps  that,  in  the 
event  of  fracture  of  the  film,  or  ignition 
by  fire  in  its  passage  across  the  line  of 
light,  the  apertures  become  securely 
sealed,  and  the  fire  prevented  from 
reaching  the  bulk  of  the  film. 

The  lamp,  particularly  when  a  half- 
watt  lamp  of  high  candle-power  is 
employed,  should  be  in  an  effectively 
ventilated  chamber  ;  and,  if  the  optical 
condenser  be  not  fitted  direct  to  this 
chamber,  then  a  piece  of  suitable  optical 
glass  should  be  fitted  in  the  light  aperture 
to  prevent  the  heated  air  freely  circulating 
into  the  general  mechanism. 

Intermittent  Movement. 

The  intermittent  device  is  rightly  the 
heart  of  the  projector.  This  mechanism 
has  to  operate  the  film  in  successive 
movements  at  the  rate  of  16  to  20  per 
second.  The  sine  wave  of  movement  of 
the  film  differs  with  the  varying  mecha- 
nical devices  employed  ;  but  practice  has 
shown  that  the  maltese  cross  or  Geneva 
star  movement  is  the  best  all-round  one 
for  the  purpose.  This  device  starts  the 
film  from  rest  at  a  very  slow  rate,  in- 
creasing in  velocity  to  the  middle  of  its 
travel,  and  gradually  and  slowly  bringing 
the   film   to   rest,    after   which,    by   the 


position  of  the  cam  on  the  face  of  the 
cross,  the  device  is  securely  locked  until 
the  next  movement.  There  is  with  this 
mechanism  less  wear  and  tear  on  the 
delicate  fabric  of  the  film ;  and  the 
locking  device  tends  to  prevent  over- 
running of  the  film  through  the  gate,  and 
so  enables  less  pressure  to  be  applied  to 
the  aperture  plate. 

The  whole  of  this  mechanism  should 
be,  irrespective  of  the  general  dimensions 
of  the  apparatus,  of  substantial  con- 
struction, and  made  only  of  the  highest 
grade  steel. 

The  Film  Gate. 

The  gate  through  which  the  film 
passes,  one  plate  of  which  is  fitted  with 
pressure  springs,  or  parts  operated  by 
springs,  should  be  long,  at  least  four 
times  the  height  of  the  picture,  the 
longer  the  better,  as  the  pressure  necessary 
completely  to  arrest  the  film  and  hold  it 
securely  and  squarely  across  the  plane  of 
the  light  is  then  distributed  throughout 
a  greater  length  of  film.  Too  much 
thought  is  not  always  given  to  this 
important  factor  ;  and,  for  that  reason, 
big  pressures  are  frequently  applied  to 
short  lengths  of  film  with  consequential 
greater  strain  to  its  emulsion  and  base. 

The  Shutter. 

The  three-blade  shutter  is  generally 
accepted  as  the  type  most  free  from 
producing  flicker ;  but,  in  point  of 
fact,  tests  have  convinced  me  that  the 
number  of  segments  with  which  a 
shutter  be  fitted  is  not  of  great  moment 
if  the  alternating  periods  of  light  and 
dark  are  in  every  case  equal.  Unless 
this  is  attained,  and  there  are  few  pro- 
jectors where  the  shutters  have  such 
equal  divisions,  flicker  exists  to  some 
degree,  being  aggravated  in  subjects 
predominating  in  high  lights,  and  when 
the  speed  of  projection  is  kept  low. 

Optical. 

The  optical  appliances  must  be  of  the 
highest  grade,  as  by  reason  of  the  present 
limitation  of  the  unit  of  light  available, 
there  is  no  margin  for  waste.  Moreover, 
owing  to  the  close  proximity  from  which 
pictures  are  usually  viewed  with  this 
type  of  apparatus,  the  objective  should 
give  a  clearly  defined  image  free  from 
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the  aberrations  inseparable  from  any  but 
the  best  combinations  of  lenses  and 
qualities  of  glass.  In  this  connection  I 
can  tell  you  that  professional  outfits,  the 
projection  mechanisms  alone  costing 
perhaps  £100,  are  sometimes  fitted  with 
lenses  retailing  at  10s.  each.  It  is  the 
lens  that  makes  the  picture  ;  and,  tinless 
a  high  grade  one  be  employed,  the 
results  may  be  painful  and  disappointing. 

Purchasers  of  any  apparatus  therefore 
should  always  specify  for  a  lens  of  high 
repute. 

These  are  the  principal  points  to  be 
observed  to  ensure  the  highest  degree  of 
projection  ;  and  I  trust  that  those  who 
have  loaned  me  apparatus  for  demon- 
stration will  not  consider  my  remarks  to 
be  other  than  the  views  I  hold  on  what  I 
consider  to  be  the  ideals  which  should 
be  aimed  at  in  the  construction  of  any 
cinematograph  projector.  Their  different 
outfits  have  reached  a  complimentarily 
high  standard  of  perfection.  I  am 
personally  interested  in  no  make  of 
apparatus,  and  view  things  only  as  a 
user  of  existing  appliances  ;  as  an  enthu- 
siast in  projection  matters  ;  and  as  a 
firm  believer  in  the  immensity  of  the 
future  of  the  cinema  industry,  fully 
conscious,  however,  of  the  responsibility 
it  holds  to  all  those  who  view  pictures, 
both  in  private  and  public. 

The  portable  projector  is  here,  and 
has  come  to  stay,  and  will  be  an  im- 
portant factor  in  popularising  cinemato- 
graph pictures,  not  only  in  the  home,  but 
in  the  immense  and  hitherto  untapped 
field  of  education. 

I  need  hardly  enlarge  upon  this  most 
important  field,  which  must  be  quite 
obvious  to  everyone  present.  Educa- 
tional bodies  throughout  the  country  are 
becoming  increasingly  alive  to  the  value 
of  the  cinema  in  lightening  their  labours, 
and  in  bringing  education  to  the  masses. 
As  one  may  suppose,  the  professions 
are  looking  with  interest  upon  the  cinema 
projector  ;  and  I  believe  that  its  use  will 
become  prevalent  in  hospitals  and  other 
scientific  institutions. 

For  instance,  in  a  hospital  or  research 
laboratory,  a  microscope  shows  to  the 
student  some  object  hidden  from  the 
naked  eye.  If  a  cinematograph  film 
dealing  with  microscopic  work  be  pre- 
pared, the  cinema   projector  will  enable 


the  demonstrator  to  show  those  objects 
to  a  class  of  many  students,  which 
formerly  each  one  had  sepaiately  to 
observe  by  means  of  a  microscope.  * 

Again,  in  general  education,  what 
agency  can  be  employed  to  teach  our 
children  so  readily  and  so  effectively  as 
the  cinema  ?  In  kindergarten,  in  univer- 
sity, and  through  all  ages  of  adult  life, 
whatever  part  the  cinema  is  playing 
to-day  is  minute  as  compared  with  what 
it  will  play,  I  feel  sure,  in  the  early  future. 

Unfortunately,  it  has  not  been  appre- 
ciated in  the  past  that  cinematography 
from  beginning  to  end  involves  illumi- 
nating engineering  problems.  From  the 
initial  photographing  of  the  picture  and 
the  impinging  of  light  rays  on  the  photo- 
graphic base,  right  up  to  the  projection 
of  the  resultant  picture  on  the  screen, 
daylight,  artificial  light,  or  a  combination 
of  both  are  employed  for  the  different 
processes. 

It  is  my  hope  that  the  members  of  the 
Illuminating  Engineering  Society  will 
appreciate  the  importance  of  the  art  of 
cinematography,  and  will  realise  its 
big  field  of  operations,  and  may  help 
individually  or  collectively  to  improve 
conditions,  both  in  the  studio  and  in  the 
projection  room. 

The  co-operation  of  illuminating  engi- 
neers will  enable  better  studio  photo- 
graphic work  to  be  attained  ;  and.  on  the 
other  hand,  by  research  in  the  production 
of  better  and  more  efficient  piojection 
lamps ;  by  the  investigation  of  the 
reflective  properties  of  different  screen 
materials  ;  by  consideration  of  the 
relative  illuminations  of  the  screen  and 
the  room  in  which  the  screen  be  fixed, 
the  art  of  cinematography  will  be  brought 
a  considerable  stage  nearer  to  the  per- 
fection of  results  which  the  potentialities 
of  this  great  art  justify. 

In  conclusion,  I  wish  to  tender  my 
thanks  to  those  who  have  so  kindly 
loaned  apparatus  for  demonstration  here 
this  evening.     I  am  indebted  to  : — 

Sir  William  Jury  for  the  use  of  the 
Acme  Portable  Projector ; 

Mr.  George  Palmer  for  his  De  Vry 
Projector ; 

The  Pathescope  Company  for  their 
apparatus  ;   and 

Mr.  William  Dederich  for  the  use  of 
the  Petra  Cabinet. 
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RECENT  DEVELOPMENTS  IN  TYPES  OF  PORTABLE  CINEMA  OUTFITS. 

(DISCUSSION.) 


The  Chairman  (Dr.  James  Kerr)  said 
that  the  demonstration  of  portable  cinema 
apparatus  had  been  extremely  interesting. 

It  marked,  as  the  author  said,  the  be- 
ginning of  new  conditions.  Hitherto 
people  who  wished  in  .see  moving  pictures 
had  been  obliged  to  betake  themselves 
to  a  hall  more  oi  less  distant  from  their 
house,  but  it  looked  as  though  in  the 
future  they  would  be  a  hie  to  do  a  good 
deal  in  the  quietness  of  their  own  home, 
studio,  or  workroom.  There  could  be  QO 
doubt  that  a  portable  cinema,  which  met 
all  requirements  as  regards  safety  from 
fire,  had  great  possibilities,  and  doubtless 
the  noise,  more  or  less  inevitable  with 
such  machines  at  present,  would  be 
diminished  before  long. 

The  little  pathescope  had  shown  them 
how,  with  a  slow  speed,  movements  could 
be  analysed  and  demonstrated  in  a  re- 
markable way.  and  the  apparatus  had 
thus  a  considerable  educational  value  in 
explaining  movements.  It  was  curious 
that  although  work  had  been  done  on  the 
subject  for  twenty  years  or  more,  the 
nature  of  the  motions  of  1  he  eye,  on  which 
there  had  been  much  experimental  obser- 
vation with  an  extensive  literal  lire,  not 
only  in  observing  cinema  pictures  but  in 
reading,  were  not  yet  completely  under- 
stood, and  it  was  only  recently  that  the 
key  to  this  problem  had  been  obtained. 
The  matter  could  have  been  settled  much 
more  readily  by  a  few  weeks'  observation, 
had  a  small  laboratory  cinema  apparatus 
been  available  for  their  analysis. 

Portable  cinema  outfits  might  thus  be 
expected  to  form  an  important  adjunct 
to  the  laboratory,  and  for  school  use  their 
possibilities  were  great.  He  was  in- 
clined to  think  that  in  this  field  also  the 
future  prospects  lay  more  in  the  direction 
of  imitating  and  reproducing  movements, 
as  in  dances  and  physical  exercises,  than 
in  the  presentation  of  historical  scenes  or 
in  teaching  by  photography. 

Safety  against  fire,  in  this  connection, 
was  naturally  a  consideration  of  great 
importance.  Several  of  those  present. 
notably  Major  Cooper-Key  of  the  Home 
Office,  and  Mr.  Ridley,  who  dealt  with 


such  matters  for  the  London  County 
Council,  would  doubtless  be  able  to  make 
some  suggestions  on  this  point ;  while 
Mr.  Goodwin  who.  like  Mr.  Ridley,  had 
been  helping  on  the  Committee  of  the 
Society  studying  conditions  in  cinema 
theatres,  would  no  doubt  be  able  to  tell 
them  something  regarding  the  supply  of 
films  for  domestic  and  educational  use. 

The  apparatus  shown  differed  in  several 
respects.  The  pathescope  was  com- 
pletely independent  of  any  external 
supply  of  electricity,  while  the  other 
forms  only  required  the  supply  suitable 
for  incandescent  electric  lamps.  The 
cabinet  form  was  a  most  ingenious  and 
interesting  form  of  portable  cinema,  and 
he  was  especially  struck  by  the  subjective 
impression  produced  as  of  looking  through 
a  window  at  sonic  .scene  outside. 

Mr.  F.  R.  Goodwin,  C.B.E.  (President 
of  the  Cinematograph  Exhibitors  Associa- 
tion), congratulated  the  author  on  his 
paper  and  on  the  demonstrations,  and  the 
Illuminating  Engineering  Society  on  the 
facilities  afforded  to  him.  He  was  some- 
what surprised  that  the  "  Franco  "  pro- 
jector had  not  been  mentioned.  This 
apparatus  came  prominently  before  his 
notice  just  before  the  close  of  the  wrar. 
It  utilised  a  very  small  bulb  glowlamp 
supplied  from  a  6-volt  motor-car  battery, 
and  an  excellent  picture  was  obtained. 
The  apparatus  was  driven  by  hand,  and 
was  in  some  respects  superior  to  many 
forms  of  portable  apparatus  available, 
being  strong  and  very  simple  in  construc- 
tion. 

As  regards  the  question  of  safety  from 
fire,  he  fully  recognised  that  this  was  a 
matter  that  demanded  care  in  the  use  of 
films  for  educational  purposes,  and  the 
trade  would  welcome  any  further  sug- 
gestions and  advice  from  the  Home  Office 
on  this  point. 

Major  A.  Cooper-Key  (Chief  Inspector 
of  Explosives,  Home  Office)  said  he  was 
very  much  interested  in  the  small  portable 
machines  shown  by  Captain  Barber, 
which  he  had  not  had  an  opportunity  of 
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inspecting  previously.  They  seemed  now 
to  have  reached  a  promising  stage,  and 
he  thought  that  they  had  come  to  stay. 

Several  speakers  had  referred  to  the 
matter  of  safety,  and  the  Home  Office 
were  at  present  interested  in  the  problem 
of  using  films  of  a  non-inflamma  ble  nature. 
He  understood  that  the  chief  difficulty 
up  to  the  present  time  was  that  this  type 
of  film  would  not  stand  wear  and  tear. 
He  felt  sure  that  if  a  satisfactory  non- 
inflammable  film  could  be  introduced  the 
Home  Office  would  give  it  every  en- 
couragement. 

Mr.  E.  Ridley  (London  Fire  Brigade) 
agreed  that  Captain  Barber's  demonstra- 
tions showed  that  the  portable  cinema 
outfit  is  now  a  practicable  thing.  The 
fire-risk  lay  in  the  use  of  celluloid  film, 
and  owing  to  its  ribbon  form  and  to  the 
particular  kind  of  celluloid  used,  this 
would  ignite  very  easily.  The  point  to 
be  noted  in  connection  with  portable 
cinemas  was  that  such  apparatus  would 
probably  be  used  by  inexperienced  people, 
including  the  sort  of  person  who  would 
act  on  the  advice,  "  if  your  film  is  dull, 
warm  it  in  front  of  a  fire  for  a  few 
minutes  !  "  He  believed  that  old  worn- 
out  films  could  be  purchased  at  a  price 
less  than  the  value  of  new  celluloid,  and 
such  films  could  be  bought  in  many  small 
shops  in  London.  Several  fatal  fins  had 
occurred  through  children  and  others 
buying  such  films  and  putting  them 
through  toy  machines,  and  if  the  use  of 
portable  machines  became  popular  there 
would  be  a  danger  of  more  fires,  not 
necessarily  in  the  machines,  but  due  to 
careless  handling  or  storage  of  the  films 
in  the  proximity  of  a  light  or  an  open 
grate. 

From  the  safety  standpoint  what  was 
needed  was  a  film  not  composed  of  cellu- 
loid. According  to  his  information,  which 
he  thought  would  be  confirmed  by  the 
author,  the  non-inflammable  substitutes 
did  not  wear  so  well  as  celluloid,  besides 
being  more  difficult  to  obtain.  The  pre- 
sent legislation  appeared  to  prohibit  the 
projection  of  celluloid  films  elsewhere 
than  y  rivate  house.  If  the  Home 
Office  }  to  their  definition  of  "  in- 

flammai  films,    the    production    of 

films  of  the  non-inflammable  variety 
would  probably  be  encouraged,  but  there 


would    remain   the    risk   due    to   the   in- 
advertent use  of  celluloid  film. 

Mr.  J.  C.  Elvy  expressed  his  apprecia- 
tion of  Captain  Barker's  paper,  and 
especially  his  statement  of  the  oppor- 
tunities for  co-operation  between  the 
cinema  expert  and  the  illuminating 
engineer. 

He  (Mr.  Elvy)  was  interested  chiefly 
in  the  production  of  the  actual  film, 
and  in  this  field  there  were  quite  as 
many  opportunities  for  such  co-operation 
as  in  the  projector  side  of  the  business. 
Most  of  the  pictures  shown  that  night 
had  been  taken  in  America,  where  day- 
light conditions  were  much  less  variable 
than  in  this  country.  Accordingly  the 
design  of  the  artificial  lighting  of  a  studio 
was  of  great  importance.  He  was  engaged 
in  equipping  such  a  studio  in  a  spot  well 
outside  the  "  fog  zone,"  and  it  appeared 
to  him  that  there  was  much  still  to  be 
settled  regarding  the  nature  of  the  lights 
to  be  used.  Fuller  information  was 
needed  on  the  relative  actinic  value  of 
various  sources,  and  on  the  best  means 
of  diffusing  light  so  as  to  produce  agree- 
able shadows  and  avoid  extreme  glare 
in  the  eyes  of  the  actors.  Mr.  Elvy 
quoted  some  data  on  these  points  that 
had  previously  been  referred  to  in  The 
Illuminating  Engineer.  It  would  he 
verv  valuable  if  the  merits  of  the  various 
available  lighting  units,  special  arcs, 
mercury  vapour  lamps,  gas-filled  lamps, 
etc.,  could  be  thoroughly  tested  under. a 
competent  authority,  and  he  suggested 
that  a  Sub-Committee,  on  which  the 
Royal  Photographic  Society  should  be 
represented,  might  be  appointed  by  the 
Societv.  One  task  for  such  a  Committee 
would  be  to  devise  a  suitable  instrument 
for  testing  actinic  values. 

Mr.  A.  Blok  said  that  it  was  a  remark- 
able achievement  for  one  to  be  able  to  sit 
in  a  room  in  one's  own  house  and  to  sec 
the  restlessness  of  the  waves,  the  massive 
impassivity  of  a  mountain  peak  or  a 
scene  in  the  remote  west  of  the  United 
States.  One  realised  that  with  the 
advent  of  the  portable  cinema  a  most 
valuable  educational  tool  had  made  its 
appearance.  There  were  many  oppor- 
tunities in  schools  and  the  like  for  the 
use  of  such  apparatus.     It  should  be  of 
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the  utmost  value  in  dealing  with  natural 
history,  and  in  illustrating  the  production 
of  economic  commodities,  industrial  and 
technical  processes,  and  biological 
phenomena.  With  care  and  skill  in  the 
preparation  of  the  films  all  these  things 
could  be  made  accessible  for  educational 
work  in  a  manner  not  possible  by  ordinary 
methods. 

There  were,  however,  two  factors  which 
determined  the  usefulness  of  the  cinema 
in  this  field.  The  primary  factor  was 
that  unless  the  apparatus  was  good  it 
could  not  live.  This,  no  doubt,  would  be 
solved  by  the  natural  competition  be- 
tween various  forms  of  apparatus.  The 
other  factor  was  the  question  of  cost.  In 
equipping  an  educational  establishment 
this  was  always  a  crucial  point,  and  un- 
fortunately we  were  still  at  a  stage  when 
education  was  being  starved.  If  Captain 
Barber  could  give  an  indication  of  the 
probable  cost  of  the  bioscope,  the  "  suit- 
case "  apparatus,  and  the  cabinet  type, 
this  would  be  useful. 

He  hoped  that  it  would  not  be  regarded 
as  lack  of  appreciation  on  his  part  if  he 
referred  to  the  inadequate  nature  of  the 
screens  used  in  some  of  the  exhibitions  at 
the  meeting.  One  fault  was  a  curious 
horizontal  striatum  which  interfered  with 
the  appearance  of  the  picture,  and  in  the 
large  aluminium  screen  shown  there  was 
also  considerable  specular  reflection. 
The  creases  in  the  top  left-hand  corner 
of  this  screen  showed,  when  viewed  from 
the  centre  of  the  hall,  a  dark  zone  which 
spoiled  some  of  the  cloud-effects.  This 
showed  the  drawback  of  using  a  screen, 
which  was  not  tightly  stretched  or  which 
had  not  a  rigid  background,  so  that  folds 
and  creases  could  not  occur.  The  screen 
used  in  the  cabinet  form  of  apparatus 
was,  he  thought,  the  most  satisfactory, 
and  the  production  of  this  little  picture 
was  a  matter  for  the  utmost  congratulation 
of  the  manufacturers  of  the  apparatus.. 
The  production  of  a  satisfactory  screen 
was  almost  as  important  as  the  design  of 
the  optical  system,  which  Captain  Barber 
had  explained  so  fully. 


Mr.  A.  L.  Roberts  (Architect  to  the 
Hampshire  County  Council),  said  that, 
as  an  officer  dealing  with  the  inspection 
of  buildings  for  which  licenses  were  sought 


under  the  Cinematograph  Act,  he  would 
like  to  endorse  the  importance  of  two 
points  referred  to  in  the  course  of  the 
discussion,  the  development  of  the  non- 
inflammable  film,  and  the  possibility 
of  fires  arising  through  the  operation  of 
portable  cinema  outfits  in  inexperienced 
hands. 

No  doubt  when  the  present  regulations 
were  framed  portable  cinema  outfits  were 
not  thought  of.  A  curious  point  arose  in 
connection  with  companies  which  toured 
the  country  with  a  portable  outfit,  going 
from  village  to  village,  and  giving  one 
show  in  each  place  each  week.  It  was 
argued  that  in  such  cases  the  building 
was  only  used  foi  one  night  a  week,  and 
that  this  did  not  constitute  habitual  use 
of  a  building.  Accordingly  the  point 
arose  whether  the  cinema  apparatus 
must  be  in  a  special  enclosure  or  whether 
it  might  be  placed  in  the  auditorium. 
Such  difficulties  would  be  greatly 
simplified  if  a  suitable  non-inflammable 
film  could  be  used,  especially  in  view  of 
the  fact  that  many  of  the  buildings 
selected  for  these  occasional  shows  were 
schools,  etc.,  which  were  not  devised  with 
a  view  to  cinema  exhibitions,  but  might 
be  increasingly  used  for  such  purposes 
in  the  future.  He  was  constantly  in- 
specting such  buildings,  and  in  one  recent 
case  he  found  that  an  inflammable  him 
was  being  "sed  in  a  hall  where  there  were 
more  than  a  hundred  people,  some  of 
whom  were  sitting  close  to  the  machine 
(which  had  no  enclosure  nor  spool  box), 
and  smoking  and  striking  matches.  The 
use  of  non-inflammable  films  would 
relieve  authorities  of  much  anxiety  in 
dealing  with  cases  of  this  kind. 

Mr.  Leon  Gaster,  in  moving  a  vote 
of  thanks  to  Captain  Barber  and  those 
who  had  contributed  to  the  interest  of 
the  evening  by  exhibiting  apparatus,  said 
that  he  regarded  it  as  a  special  privilege 
to  have  had  the  opportunity  of  seeing 
this  apparatus  in  action,  some,  he  under- 
stood, exhibited  for  the  first  time  in  this 
country.  It  had  also  been  a  pleasure  to 
profit  by  the  experience  of  Major  Cooper- 
Key  and  Mr.  Ridley,  and  he  felt  sure 
that  the  precautions  they  suggested, 
with  a  view  to  preventing  possible  acci- 
dents, would  be  carefully  borne  in 
mind. 
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Mr.  J.  S.  Dow  (communicated)  : 
I  should  like  to  endorse  Mr.  Bloks 
remarks  on  the  importance  of  the  screen. 
Tables  have  been  presented  by  various 
authorities  in  the  past  comparing  the 
brightness  attainable  at  various  angles 
of  view  with  dead-white  and  aluminium 
coated  screens.  Naturally  wide  varia- 
tions are  recorded  according  to  the  nature 
of  the  latter  surfaces,  but  in  general  I 
question  whether  an  aluminium  surface  is 
desirable,  except  in  very  narrow  rooms. 
The  loss  of  brightness  experienced  by 
people  who  view  the  picture  obliquely 
has  to  be  very  carefully  considered ; 
there  is  sometimes  inconvenient  specular 
reflection,  and  folds  or  creases  in  the 
surface  of  the  screen  seem  to  have  a 
greater  effect  than  when  dead-white 
material  is  used.  In  any  case  the  screen 
should  be  attached  to  a  rigid  background 
and  not  merely  suspended. 

In  the  apparatus  shown  by  Captain 
Barber  the  problem  of  securing  a  suffi- 
ciently bright  picture  has  been  met  with 
very  fair  success,  especially  in  the  case  of 
the  small  screen  used  with"  the  cabinet 
form.  But  I  believe  that  there  is  still 
great  scope  for  improvement  in  the  joint 
design  of  the  light  source  and  projecting 
apparatus.  I  think  it  would  lie  found 
that  in  most  cinema  halls  the  amount  of 
light  actually  used  in  the  picture  is  still 
less  than  1  per  cent,  of  that  produced 
at  the  source.  When  a  filament  is  used 
as  the  source  the  optical  difficulties  are 
accentuated,  and  in  the  United  States 
special  types  of  gas-filled  lamps  (used  in 
conjunction  with  appropriately  designed 
"  semaphore  "  condenser-lenses  which 
enable  an  exceptionally  large  proportion 
of  the  total  flux  of  light  to  be  dealt  with), 
are  said  to  have  given  excellent  results, 
even  competing  with  an  arc  of  moderate 
power.  It  would  appear  that  there  is  still 
much  to  be  done  in  this  way  in  portable 
cinema  outfits,  where  the  production  of 
an  image  bright  enough  to  be  seen  with 
the  ordinary  lighting  of  a  room  main- 
tained, or  even  in  daylight,  does  not  seem 
to  present  insuperable  difficulties. 


Captain  J.  W,  Barber,  C.B.E.,  reply- 
ing to  the  discussion,  said  he  fully 
appreciated  the  need  for  taking  precau- 
tions against  danger  from  fire,  because 


the  success  of  the  cinema  industry  de- 
pended on  retaining  the  confidence  of  the 
public.  The  entire  industry  agreed  that 
provision  must  be  made  to  prevent  fires 
occurring,  and  serious  opinion  in  the 
trade  welcomed  suggestions  from  the 
authorities  in  this  direction. 

In  regard  to  non-inflammable  films, 
he  said  that  it  was,  in  fact,  the  case 
that  these  films  possessed  very  short 
working  life,  and  were,  therefore,  not 
encouraged. 

He  thought,  however,  that  in  this  con- 
nection Major  Cooper-Key  could,  perhaps, 
help  the  industry.  It  had  not  been 
clearly  defined  what  was  an  inflammable 
or  non-inflammable  film  :  but  if  a  lead 
were  given  as  to  what  constitutes  in- 
flammability, he  thought  that  the  trade 
would  put  up  money  for  the  purpose, 
and  their  chemists  would  make  investi- 
gations. 

Unfortunately,  at  that  moment,  the 
authorities,  when  asked  to  test  a  film, 
applied  a  match,  and  if  there  was  ever 
any  suggestion  of  singeing  or  slight  burn- 
ing, the  substance  was  not  passed  as  non- 
inflammable.  Now  it  was  never  hoped 
that  any  material  could  be  produced  that 
was  entirelv  non-inflammable — and  after 
all  inflammability  was  a  question  of 
degree  :  but  if  some  consideration  was 
shown  to  the  users  of  a  comparatively 
non-inflammable  base,  then  the  trade 
would  not  be  long  in  discovering  the 
material. 

He,  therefore,  suggested  that  the  Home 
Office  should  give  the  trade  some  guidance 
and  establish  some  standard  of  inflam- 
mability, which  they  would  pass  for 
exhibition  under  conditions  differing 
somewhat  from  those  imposed  where 
ordinary  highly  inflammable  celluloid — 
for  which  in  fact  the  Act  was  framed — 
wyas  used. 

As  tilings  are  at  present,  it  was  not 
much  encouragement  to  the  trade  to  find 
that  after  the  expense  of  considerable 
time  and  money  in  the  production  of 
what  is,  to  all  intents  and  purposes,  a  non- 
inflammable  film,  no  consideration  be 
given  to  its  user,  who  is  subject  to  the 
same  conditions  regarding  its  exhibition 
as  if  he  were  employing  the  most  highly 
combustible  nitro-cellulose  material. 

In  regard  to  Mr.  Elvy's  remarks  on 
the  illumination  of  studios,  he  said  that 
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he  had  not  referred  to  this  matter,  as  it 
was  somewhat  outside  the  seope  of  the 
paper.  It  was.  however,  a  fact  that  the 
sensitised  film  base  was  not  affected  to 
any  extent  by  the  red  end  of  the 
spectrum.  If  any  white  light  were  em- 
ployed all  except  the  ultra-violet  rays 
\v<  re  wasted.  They  had  mercury  vapour 
lamps  and  also  high  voltage  arc  lamps, 
designed  to  give  a  preponderance  of 
ultra-violet  rays.  Both  had  their  advan- 
tag<  b  and  disadvantages,  and  were  neces- 
sary  adjuncts  of  any  studio.  However. 
there  was  much  room  foi  improvement  ; 
and  he  thought  that  illuminating 
engineers,  if  they  realised  that  cinema- 
tography was  a  powerful  factor  that  had 
come  i"  stay,  would,  devote  some  time 
and  t  bought  to  effecting  an  advancement 
in   lighting  wink. 

With  regard  to  the  approximate  cost 
oi  apparatus,  the  suitcase  outfits  cost 
between  £50  and  £60  and  the  pathescope 
.".ii  guineas.  The  cost  of  the  cabinet 
apparatus  would  depend  largely  on  the 


type  of  cabinet  work  used.  This  form 
was  necessarily  more  expensive,  but 
should  fill  a  great  want. 

In  reference  to  the  remarks  of  Mr. 
Roberts  regarding  touring  companies,  it 
is  not  expected  that  these  should  drop 
into  a  hall  and  give  an  exhibition  without 
notifying  the  authorities,  who  should 
ensure  that  everything  was  satisfactory. 
In  imposing  restrictions  with  regard  to 
this  class  of  exhibitions,  the  authorities 
would  naturally  be  guided  by  the  nature 
of  the  apparatus  used  ;  but  he  thought 
that  when  the  apparatus  was  enclosed  in 
an  iron  box.  the  existing  regulations 
might  be  relaxed  more  liberally,  especially 
in  regard  to  the  Dumber  of  exits. 

( laptain  Barber  brought  a  valuable  and 
instinctive  evening  to  a  close,  with  an 
assurance  to  those  officials  who  were 
responsible  for  the  safety  of  the  public, 
that  the  Trade  intended  to  avail  itself  of 
no  loophole  in  any  Act,  but  would  loyally 
observe,  in  the  spirit  as  well  as  the  letter, 
any  safeguards  that  might  be  imposed. 


TEACHING   CITIZENSHIP   BY  THE   CINEMA. 


A  special  report  (No.  1)  on  "  Visualising 
Citizenship"'  prepared  by  Ina  Clement 
and  issued  by  the  Municipal  Reference 
Library  of  New  York,  contains  an 
instinctive  account  of  methods  of  teach- 
ing civic  duties  by  means  of  cinema 
displays.  Local  authorities  frequently 
make  use  of  the  film  to  educate  public 
opinion  regarding  some  new  project  or 
legislation,  {e.g.,  municipal  ownership  of 
railways.  endowment  of  recreation 
grounds,  town  planning,  etc.).  Churches 
a  ad  welfare  organisations  likewise  arrange 
demonstrations  dealing  with  points  of 
conduct  or  health.  In  the  schools  of 
New  York  cinema  displays  are  being 
arranged  as  an  aid  to  courses  in  geo- 
graphy, biology,  etc. 
A  most  important  point  is  the   creation 


of  *'  Film  Libraries."'  Already  some 
comprehensive  lists  exist  such  as  those 
I  ire  pared  by  the  National  Board  of 
Review  of  Motion  Pictures.  A  film 
foundation  to  organise  such  libraries  on 
a  large  scale  is  now  proposed.  The 
foundation  would  work  in  co-operation 
with  existing  government  departments 
and  other  organisations. 

A  number  of  agencies  interested  in 
educational  films  are  mentioned,  and  the 
report  is  concluded  by  a  varied  list  of 
subjects  available,  including  "  Safety 
Measures.''  "Child  Welfare."*  "City 
Planning.'*  "  Education."  "  Health  and 
Hygiene,"  etc.  This  report  should 
be  of  great  interest  to  those  con- 
cerned with  cinema  productions  in  this 
country. 
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INTERIM  REPORT  OF  THE  JOINT  COMMITTEE  APPOINTED 
BY  THE  ILLUMINATING  ENGINEERING  SOCIETY  TO 
INQUIRE    INTO    "EYESTRAIN    IN    CINEMAS." 


June,  1920. 

Origin  of  Committee.  The  Committee 
was  formed  in  response  to  a  request  con- 
veyed to  the  Illuminating  Engineering 
Society  in  a  letter  from  the  London 
County  Council  dated  April  28th,  1919 
(No.  6142),  asking  for  information  in 
regard  to  the  possible  causes  of  eyestrain 
in  cinemas,  and  the  best  means  of  remov- 
ing them,  and  in  particular  "  the  question 
of  the  strain  on  the  eyes  caused  by  the 
proximity  of  seats  to  the  screen  at 
cinematograph  halls,  and  of  the  possi- 
bility of  devising  some  means  of  lessening 
the  ill-effects  referred  to." 

Constitution  of  the  Committee.  Follow- 
ing the  receipt  of  the  letter  referred  to  the 
Hon.  Secretary  had  various  conversa- 
tions with  officials  of  the  L.C.C.,  and 
placed  at  their  disposal  the  information 
available  from  previous  discussions  before 
the  Society  and  other  sources.  But  it 
was  felt  that  in  view  of  the  importance 
of  the  inquiry,  both  to  the  public  and 
the  cinema  industry,  it  could  best  be 
conducted  through  the  medium  of  a 
thoroughly  representative  joint  com- 
mittee, whose  findings  would  carry 
weight. 

The  following  Joint  Committee  was 
accordingly  constituted  : — 


(a)  Representing  the  Council  of  British 
Ophthalmologists  :  Mr.  Bernard  Cridland, 
Mr.  Stephen  Mayou,  Mr.  W.  H.  McMullen, 
Mr.  J.  Herbert  Parsons,  C.B.E.  (Chair- 
man). 

(6)  Representing  the  Cinema  Industry : 
Captain  J.  W.  Barber,  C.B.E.  (Member 
of  the  General  Executive  Council  of  the 
Cinematograph  Exhibitors'  Association 
of  Great  Britain  and  Ireland),  Mr.  F.  R. 
Goodwin,  C.B.E.  (President  of  the  Cine- 
matograph Exhibitors'  Association  of 
Great  Britain  and  Ireland),  Mr.  A.  E. 
Newbould,  M.P.  (Past-President  of  the 
Cinematograph  Exhibitors'  Association 
of  Great  Britain  and  Ireland,  and  Member 
of  the  General  Executive  Council  of  the 
Association). 

(c)  Representing  the  Illuminating 
Engineering  Society  :  Mr.  A.  Blok, 
Asst.-Prof.  W.  C.  Clinton,  Mr.  J.  S.  Dow, 
Mr.  L.  Gaster  (Secretary),  Mr.  F.  W. 
Goodenough,  Mr.  Haydn  T.  Harrison, 
Prof.  J.  T.  McGregor-Morris. 

(d)  Dr.  James  Kerr  (Medical  Research 
Officer,  Public  Health  Dept.,  L.C.C.), 
Dr.  C.  W.  Kimmins  (Chief  Inspector, 
Education  Dept,,  L.C.C.),  Mr.  E.  Ridley 
(Inspection  Dept.,  London  Fire  Brigade, 
L.C.C.). 
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(e)  Representing  the  Physiological 
Society:  Prof.  W.  M.  Baylies,  F.R.S., 
Prof.  C  8.  Sherrington,  F.R.S.,  Prof. 
C.  Spearman. 

Nature  of  Work.  The  first  meeting 
of  the  Committee  was  held  on  October 
28th,  when  a  memorandum  summarising 
the  chief  problems  falling  within  the 
terms  of  reference  of  the  Committee  was 
presented,  the  various  matters  being 
arranged  in  order  of  urgency  and  import- 
ance. In  order  to  facilitate  work  ques- 
tions were  distributed  amongst  four  sub- 
committees, namely,  the  Physiological 
Sub-committee,  the  Physical  Sub-com- 
mittee, the  Trade  and  Control  Sub- 
committee, and  a  General  Purposes  Sub- 
committee, by  whom  reports  could  be 
presented  at  meetings  of  the  General 
Committee.  On  each  of  these  sub- 
committees one  member  from  the  various 
other  committees  was  appointed,  with  a 
view  to  obviating  overlapping  of  work 
and  enabling  interchange  of  views  to  take 
place.  In  view  of  the  fact  that  the  Com- 
mittee was  composed  of  experts  in  their 
respective  fields  it  was  not  thought 
necessary  at  this  stage  in  the  proceedings 
to  invite  outside  evidence. 

In  addition  to  meetings  for  purposes 
of  discussion  a  number  of  experimental 
demonstrations  have  been  witnessed, 
and  a  number  of  typical  cinema  halls 
visited  by  members  of  committees,  while 
additional  data  relating  to  other  halls 
have  been  tabulated  for  comparison. 

The  Committee  are  now  in  a  position 
to  formulate  certain  conclusions,  whilst 
on  other  matters  tentative  suggestions 
are  made. 


RECOMMENDATIONS    AND 
SUGGESTIONS. 

Limit  to  Vertical  Angle  of  View  (Angle 
of  Elevation). — In  considering  the  ques- 
tion of  close  proximity  of  seats  to  the 
screen  the  Committee  have  formed  the 
opinion  that  the  ocular  discomfort  arising 
is  due  mainly  to  the  fact  that  the  eyes 
of  spectators  are  directed  upwards  at  an 
abnormal  angle,  a  condition  which  is 
conducive  to  eye-fatigue  and  liable  to 
give  rise  to  headache  and  general  dis- 
comfort ;    whereas  the  direction  of  the 


eyes  horizontally  or  downwards  appears 
natural  and  agreeable.  The  condition 
of  discomfort  referred  to  is  not  deter- 
mined solely  by  the  proximity  of  the 
front  row  of  seats  to  the  screen  and  the 
vertical  measurement  of  the  picture. 
Another  important  circumstance  is  the 
height  above  the  observer's  eye-level  at 
which  the  picture  as  a  whole  is  viewed. 
It  would  therefore  not  suffice  to  specify 
a  minimum  distance  of  seats  from  the 
screen,  nor  even  a  certain  ratio  between 
this  distance  and  the  vertical  measure- 
ment of  the  picture.  The  requirement 
should  include  all  the  three  factors 
enumerated  above,  but  should  be  of  a 
simple  and  definite  character,  capable  of 

easy  application. 

The  Committee,  in  determining  such  a 
requirement,  have  been  guided  partly  by 
the  knowledge  of  the  physiological  and 
ophthalmological  experts  on  conditions 
liable  to  cause  discomfort  and  fatigue  to 
vision,  and  also  on  the  experience  of  all 
the  members  of  the  Committee,  when 
visiting  a  number  of  cinema  halls  in  the 
London  district.  In  each  case  the  pictures 
were  viewed  successively  from  various 
rows  of  seats,  the  positions  from  which 
discomfort  and  eve-strain  were  ex- 
perienced noted,  and  the  corresponding 
angles  of  elevation  recorded.  In  framing 
a  general  recommendation  based  on  these 
experiences  due  account  was  taken  of 
such  variable  factors  as  the  proportion 
of  screen  occupied  by  the  picture  and 
the  extent  to  which  the  eye  is  directed 
respectively  to  the  upper,  central  and 
lower  areas  of  the  screen,  with  the 
ordinary  available  seating  accommoda- 
tion. 

In  some  of  the  cinema  halls  visited  the 
conditions  were  found  to  be  such  as  are 
likely  to  cause  visual  discomfort  and 
eye-strain.  By  comparing  the  record  of 
their  experience  in  this  respect  with  the 
tabular  data  summarising  the  angles  of 
elevation  in  the  various  cinemas  visited, 
the  Committee  came  to  the  conclusion 
that  it  would  be  possible  to  secure  con- 
ditions suitable  for  the  eyes,  and  to 
materially  diminish  the  possibility  of 
eye-strain  if  a  moderate  value  for  the 
angle  of  elevation  were  adopted.  It 
appeared  that  the  desired  conditions 
could  be  suitably  expressed  by  stating 
that  the  angle  of  elevation,  conveniently 
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measured  from  the  top  of  the  picture  as 
defined  below,  should  not  exceed  35°— 
a  simple  and  easily  interpreted  recom- 
mendation which  is  to  be  regarded  as 
embodying  all  the  various  factors  men- 
tioned above. 

The  Committee  accordingly  make  the 
following  recommendation  : — 

(I.)  That  the  angle  of  elevation,  sub- 
tended at  the  eye  of  any  person  seated 
in  the  front  row,  by  the  length  of  the 
vertical  line  dropped  from  the  centre  of 
the  top  edge  of  the  picture  to  the  horizon- 
tal plane  passing  through  the  observer* s 
eye  shall  not  exceed  35°,  the  height  of 
the  eye  above  the  floor-level  being 
assumed  to  be  3  ft.  6  in. 

Investigations  have  shown  that  in 
some  cjnema  halls  in  London  this  con- 
dition is  complied  with,  while  in  others 
it  is  approached.  In  other  cases  the 
angle  of  elevation  exceeds  60° — a  con- 
dition that  is  clearly  prejudicial  and 
could  be  removed  by  eliminating  some 
of  the  seats  in  the  front  rows.  It  should 
be  noted  that  in  such  cases  it  may  not 
be  necessary  to  eliminate  a  complete  row 
of  seats,  as  in  the  seats  nearer  the  sides 
of  the  hall  the  angle  of  elevation  is  less 
than  in  those  immediately  facing  the 
screen,  and  may  fall  within  the  prescribed 
value  of  35°.  The  most  favourable  con- 
dition is  thus  to  arrange  the  seats  in  an 
arc  of  a  circle,  the  concave  edge  of 
which  faces  the  screen — an  arrangement 
already  adopted  in  some  modern  cinema 
halls. 

The  limiting  circle,  corresponding  with 
an  angle  of  elevation  of  35°,  will  have  as 
its  centre  the  intersection  of.  a  vertical 
line  from  the  centre  of  the  top  of  the 
screen  with  the  horizontal  plane  at  eye- 
level  (3  ft.  6  in.  above  floor)  ;  and  as  its 
radius  a  distance  equal  to  113  (i.e., 
rather  less  than  one-and-a-half)  times 
the  height  of  the  top  of  the  picture 
above  eye-level. 

Limit  to  Lateral  Angle  <>/  View. — 
Assuming  that  the  above  recommenda- 
tion (i.e.,  that  the  Angle  of  Elevation 
should  not  exceed  35°)  is  complied  with, 
the  effect  of  viewing  the  screen  at  an 
unduly  oblique  angle  from  side  seats 
requires  to  be  considered.  While  this 
condition  is  productive  of  inconvenience 


and  constitutes  a  possible  source  of  eye- 
strain, it  appears  to  be  of  less  importance 
than  the  avoidance  of  unduly  great 
angle  of  elevation. 

The  Committee  accordingly  make  the 
following  recommendation,  which  has 
been  framed  to  apply  equally  to  cases 
where  vertical  or  inclined  screens  are 
used  : — 

(II.)  That  provided  Recommendation 
(I.)  is  complied  with,  the  angle  between 
the  vertical  plane  containing  the  upper 
edge  of  the  picture,  and  the  vertical  plane 
containing  the  observer's  eye  and  the 
remote  end  of  the  upper  edge  of  the 
picture  should  not  be  less  than  25°. 

Minimum.  Distance  of  Seats  from  Screen. 
— The  Committee  has  had  imder  con- 
sideration the  question  of  undue  proximity 
to  the  screen  as  a  source  of  difficulty  in 
following  movements  in  the  picture, 
leading  to  possible  eyestrain.  While 
conscious  that  undue  proximity  to  the 
screen  impairs  the  ease  with  which 
pictures  can  be  examined,  the  Committee 
are  of  opinion  that  compliance  with 
Requirements  (I.)  and  (II.)  renders 
further  recommendations  in  regard  to 
such  distance  unnecessary  at  present. 

Maximum  Distance  of  Seats  from 
Screen. — It  is  clear  that  a  limit  to  the 
distance  of  observation  beyond  which  it 
is  difficult  to  distinguish  pictures  satis- 
factorily, exists,  although  managers  of 
halls  will  usually  ensure,  in  their  own 
interest,  that  this  limit  is  not  exceeded. 
It  has  been  suggested  that  the  angle 
subtended  at  the  eye  by  the  height  of 
the  screen,  viewed  from  the  most  remote 
seat,  should  not  be  less  than  5°,  or, 
alternatively,  that  the  distance  of  the 
most  remote  seat  should  not  exceed 
twelve  times  the  height  of  the  picture. 
The  Committee,  however,  require  further 
evidence  before  making  recommendations 
on  this  point,  and  in  the  data  at  present 
collected,  no  case  has  been  noted  in 
which  the  above  suggested  limit  has  been 
exceeded. 

Flicker. — There  are  several  phenomena 
which  are  included  in  the  common  use 
of  the  term  flicker,  and  have  been  the 
subject  of  investigation  by  the  Committee. 


192 


THE  ILLUMINATING   EXCTXEER  (junk  1920) 


The  two  most  important  for  our  purpose 
are  : — 

(a)  Physiological  Flicker. — This  occurs 
when  light  and  dark  are  alternated.  It 
disappears  at  a  certain  critical  rate  of 
alternation,  which  rate  depends  upon  the 
brightness  of  the  illumination.  It  is 
most  noticeable  with  the  periphery  of  the 
retina  so  that  on  a  large  screen  it  may  be 
absent  from  the  part  of  1  he  screen  directly 
looked  at,  though  the  observer  is  con- 
scious of  the  flicker  on  the  outlying  parts 
of  the  screen.  Under  norma]  conditions 
of  projection  no  appreciable  physiological 
nicker  is  observable  in  the  pictures  unless 
there  is  a  large  expanse  of  brightly  illumin- 
ated screen  [e.g.,  sky  or  snow  field). 

(b)  Disintegration  Flicker.  The  pic- 
tures shown  on  the  screen  are  composed 
of  a  series  of  rapidly  succeeding  pictures 
which  are  integrated  physiologically  and 
should  give  the  impression  of  continuous 
movement.  Under  certain  conditions 
e.g.,  figures  moving  vapidly  in  the  fore- 
ground, especially  from  side  to  side,  the 
separate  impressions  become  perceptible — 
an  effect  which  is  most  nol  iceable  near  the 
screen,  but  is  frequently  visible  from  all 
parts  of  the  hall.  It  is  possible  thai  the 
effect  might  be  minimised  by  taking  more 
pictures  per  second  and  projecting  at  a 
correspondingly  increased  'ate.  but  this 
presents  technical  difficulties. 

Of  all  the  disturbing  factors  manifesting 
themselves  by  jerkiness  of  movement, 
disintegration  flicker  is  undoubtedly  the 
most  serious. 

Film    and    Mechanical    Defects. — The 

Committee  have  devoted  attention  to 
various  irregularities  arising  from  defects 
in  films  or  apparatus.  Scratches  on  old 
films  give  rise  to  an  appearance  of  vertical 
black  lines  like  rain.  Holes  in  the 
gelatine  cause  flecks  of  light.  Worn 
sprocket  holes,  and  mechanical  defects 
arising  from  instability  of  apparatus  may 
give  rise  to  disturbing  effects.  Various 
promising  improvements  in  projecting 
apparatus  and  screens  have  been  brought 
before  the  Committee. 

While  the  elimination  of  imperfect 
apparatus  and  films,  and  faulty  operation, 
such  as  may  occur  in  halls  in  the  poorer 
districts,  is  much  to  be  desired,  the  Com- 
mittee do  not  at  present  see  their  way  to 


recommend  a  definite  criterion  by  which 
to  condemn  the  exhibition  at  any  par- 
ticular theatre. 

Brightness  of  Screen. — The  Committee 
have  made  a  series  of  measurements  of 
the  brightness  of  screens  while  pictures 
are  being  shown.  Here,  again,  faulty 
apparatus,  involving  inadequate  screen- 
brightness,  undoubtedly  increases  the 
difficulty  of  following  pictures.  The 
observations  of  the  Committee  suggest 
that  a  possible  standard  of  minimum 
brightness  may  eventually  be  given,  but 
their  researches  on  this  point  are  as  yet 
incomplete,  bearing  in  view  the  great 
variations  in  light  required  with  different 
subjects,  films  of  different  density  and 
different   types  of  screens. 

Portable  <  'inema  Out  jits  for  Schools. — 
The  Committee  hive  witnessed  some 
demonstrations  of  the  use  of   portable 

cinema  outfits  for  schools,  a  type  of  device 
which  appears  to  be  in  the  experimental 
stage  but  has  promising  possibilities,  and 
,n  view  of  the  grow  ing  demand  for  appa  i  - 
at  ns  of  this  type  improvements  may  be 
anticipated  in  the  near  future. 

As  an  educational  medium  the  cinema 
has  possibilities,  but  in  view  of  the  fact 
of  its  being  intended  for  display  before 
young  children,  the  conditions  of  use  for 
exhibitions  in  schools  require  careful  con- 
sideration. One  difficulty  at  present 
is  to  obtain  a  portable  source  of  sufficient 
brightness  which  can  be  obtained  from 
the  elect  lie  lighting  supply  usually  avail- 
able. In  order  to  render  the  picture 
sufficiently  visible  it  is  necessary  to 
darken  the  schoolroom  by  the  use  of 
blinds,  and  it  would  be  advantageous  to 
have  the  screen  recessed  and  surrounded 
by  a  narrow  curtain,  with  a  view  to  further 
protection  of  the  screen  from  extraneous 
light. 

In  order  to  secure  additional  brightness, 
semi-polished  aluminium  screens  are 
sometimes  used.  In  this  way  the  bright- 
ness, to  observers  immediately  facing 
the  screen,  is  much  increased,  but  the 
brightness  as  seen  from  side  seats  is 
seriously  diminished.  From  the  experi- 
ments conducted  by  the  Committee  they 
are  disposed  to  prefer  a  dead  white  screen 
for  general  use  and  recommend  that 
aluminium  screens  should  only  be  used 
in  exceptionally  long  and  narrow  rooms, 
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where  the  angle  of  lateral  view  does  not 
become  unduly  oblique. 

Another  point  to  be  considered  is  the 
method  of  fixing  the  projecting  apparatus, 
which,  owing  to  its  lightness,  is  apt  to 
vibrate,  causing  unsteadiness  in  the 
picture. 

Inflammability  of  films  as  a  possible 
source  of  danger  of  fire  demands  special 
precautions  in  such  cases,  but  this  is  not 
a  matter  falling  within  the  terms  of 
reference  of  the  Committee. 

Conditions  of  Artificial  Illumination  in 
Theatres. — In  accordance  with  the  Coun- 
cil's recent  requirement  a  minimum 
standard  of  illumination  is  now  generally 
maintained  in  theatres  whilst  the  pictures 
are  being  shown.  From  the  observations 
already  made  in  cinema  halls  the  Com- 
mittee are  satisfied  that  the  requirement 
that  the  illumination  in  all  parts  of  the 
theatre  should  not  be  less  than  l-40th 
of  a  foot-candle  can  be  readily  satisfied 
without  prejudice  to  the  picture.  Indeed 
there  seems  no  doubt  that  by  using 
suitable  methods  of  distributing  the  light 
this  illumination  might  be  somewhat 
increased  without  interfering  with  the 
display  of  the  pictures.  A  practice  that 
might  well  be  encouraged  when  the  design 
of  the  lighting  of  halls  is  under  considera- 
tion is  the  gradual  diminution  of  the 
intensity  of  illumination,  passine  from 
the  rear  of  the  theatre  (where  illumination 
is  chiefly  needed  to  facilitate  the  work 
of  the  attendants),  to  the  seats  near  the 
screen  where  stray  light  is  most  apt  to 
affect  the  picture  on  the  screen  (and  where 
such  illumination  is  less  needed  because 
the  seats  are  to  some  extent  illuminated 
by  light  reflected  from  the  screen).  This 
practice  would  also  be  advantageous  in 
facilitating  the  accommodation  of  the 
eyes  of  persons,  passing  from  the  bright 
light  outside  into  the  relatively  dark 
interior  of  the  hall.  Recommendations 
in  regard  to  arrangements  of  light  with  a 
view  to  conforming  with  the  requirements 
of  vision  as  regards  absence  of  excessive 
contrast  and  glare  are  also  in  contempla- 
tion. Meantime  the  Committee  would 
suggest  as  a  definite  rule,  already  observed 
in  the  best  cinema  halls,  that  no  un- 
screened source  of  light  should  be  visible 
to  the  observer  in  any  seat  in  the  theatre 
whilst  looking  towards  the  picture. 


CONCLUSION. 

In  conclusion  the  Committee  desire  to 
draw  attention  to  Recommendation  (I.) 
relating  to  the  Angle  of  Elevation,  and 
Recommendation  (II.)  relating  to  the 
Lateral  Angle  of  View,  as  embodying 
conditions  which  appear  desirable  in 
cinema  halls.  The  Committee  do  not 
anticipate  that  any  supplementary  recom- 
mendations which  they  may  submit  as  a 
result  of  their  further  inquiries  will 
necessitate  any  modification  of  the  two 
recommendations  now  submitted. 


Signed 

: — 

"    (a) 

J. 

Herbert  Parsoxs  (Chair- 

man). 
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Caster  (Secretary). 

(b) 

James  W.  Barber.* 

(e) 
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(c) 
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Blok. 
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R.  Goodwix.* 
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mes  Kerr. 

(d) 
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W.  Ktmmins. 
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(c) 

J. 

T.  McGregor  Morris. 

(a) 
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.  H.  McMullex. 

(b) 

A. 

E.  Newbould.* 

(d) 

E. 

Ridley. 

(e) 

C. 

S.  Sherrixgtox. 

(e) 

a 

Spearmax. 

*  Reservation. — The  three  representa- 
tives of  the  Cinema  Industry  sitting  on  the 
Committee,  whilst  approving  Recom- 
mendation No.  I.  of  this  Report  as  an 
ideal  one  which  will  add  greatly  to  the 
comfort  of  the  public,  draw  attention  to 
the  absence  of  definite  evidence  of  serious 
injury  by  eyestrain.  In  view  of  this  fact 
they  are  of  the  opinion  that  where  appli- 
cation of  this  condition  to  existing  halls 
would  entail  serious  financial  hardship 
there  is  no  justification  for  its  imposition. 
They  are  further  of  opinion  that  the 
normal  development  of  the  cinema  theatre 
will  rapidly  remove  all  causes  of  possible 
discomfort. 

Signed  : — 

James  W.  Barber,  (b) 
F.  R.  Goodwix  (b) 
A.  E.  Newbould.  (b) 
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PROJECTION   SCREENS   FOR    CINEMA   WORK. 


The  Transactions  of  the  Optical  Society 
contain  an  account  of  a  paper  react  on 
the  above  subject  by  Mr.  ('.  W.  Gamble 
(of  the  Dept.  of  Photographic  Technology. 
College  of  Technology,  Manchester)  on 
October  16th,  1919.  It  is  remarked  that 
the  importance  of  the  screen  in  cinema 
work  is  usually  insufficiently  appreciated, 
and  some  of  the  worst  examples  of  pro- 
jecting screens  are  to  be  found  in  the 
rooms  of  colleges  devoted  to  the  teaching 
of  science.  Two  obvious  requirements 
are  that  the  screen  should  be  flat  and 
smooth,  and  if  possible  without  a  pro- 
nounced "  grain."'  The  author  sum- 
marises his  impressions  of  seven  different 
types  of  screens,  the  most  pleasing  effect 
being  obtained  from  a  screen  coated  with 
white  Duresco  preparation.  Aluminium- 
painted  surfaces  gave  a  brighter  image, 
but  the  necessity  for  limiting  the  angle 
of  view  with  this  form  of  screen  should 
be  borne  in  mind.  Also  when  the  re- 
flective power  of  the  metallic  screen  is 
high  the  glare  due  to  lack  of  perfect 
diffusivity  may  cause  considerable  visual 
discomfort.  Most  screens  deteriorate  in 
use,  owing  to  deposits  of  dust  or  ageing 
of  material,  which  materially  reduce  the 
brightness  of  the  image.  Frequent  clean- 
ing or  renewal  of  the  surface  is  therefore 
necessary. 

Dr.  Nutting,  in  a  paper  on  this  subject,* 
has  suggested  that  the  ideal  screen  should 
reflect  all  light  thrown  upon  it  uniformly 
over  an  angle  of  30°.  He  proposes  three 
quantities  as  defining  the  effectiveness  of 
a  screen  :  the  Reflecting  Power,  i.e.,  the 
percentage  of  the  light  striking  the  screen 
which  is  reflected  ;  the  Diffusive 
Efficiency ',  i.e.,  the  percentage  of  the 
Light  reflected  from  the  screen,  which  is 
emitted  with  an  angle  of  30°  ;  and  the 
Total  Efficiency,  a  combination  of  the 
above  two  quantities,  i.e.,  the  percentage 
of  the  light  striking  the  screen  which  is 

*  Trans.  Ilium.  Eng.  Soc,  U.S.A.,  Vol.  xi., 
1916,  p.  92. 


reflected  within  the  angle  of  30°  specified 
above. 

The  following  data  were  presented  for 
different  forms  of  surfaces  :  — 


30%        Reflect- 
Screen.         j  diffusion  ing  Total 

efficiency,     power.    |  efficiency. 


Magnesium  car- 
bonate block 

0 

0 

25 

/o 

87 

O' 
.0 

22 

Aluminium 

paint,  mir- 
roroid  B     . . 

55 

25 

14 

Becker  com- 

pound 
Ground  mirror 

64 

69 

63 

92 

34 

64 

Ideal  screen  . . 

90—100 

92 

— 

The  ideal  screen,  assumed  by  Nutting, 
is  a  mirror,  the  front  face  of  which  Is 
composed  of  minute  hexagonal  facets, 
each  being  a  concave  mirror  of  sufficient 
diameter  to  reflect  light  at  15°  to  the 
axis.  Dr.  Nutting  also  obtained  favour- 
able results  with  a  glass  mirror  silvered 
on  the  back  and  then  ground  on  the 
exterior  surface.  Mr.  Gamble  has  accord- 
ingly experimented  with  a  screen  of  this 
type,  mirrored  at  the  back  and  sand- 
blasted on  the  front,  which  gave  a 
marked  increase  in  brightness  in  com- 
parison with  the  ordinary  matt  white 
surface.  Screens  about  6|  ft.  by  4J  ft. 
of  glass,  \  in.  thick,  which  would  be 
suitable  for  use  in  small  rooms  were  made, 
and  gave  the  same  brightness  as  that  of 
the  best  white  screens  with  one-half  to 
two -thirds  the  current  consumption.  The 
glass  screen  also  appears  to  give  an  inde- 
Bcribable  effect  of  "  life  "  not  otherwise 
attainable.  It  has  been  suggested  that 
with  a  film  exhibiting  great  contrasts  the 
brightness  of  the  high  lights  might  be 
excessive.  The  author  proposes  to  meet 
this  objection  by  using  a  neutral  tinted 
screen  of  small  absorption  in  front  of  the 
j)rojector-lens.  This  can  be  inserted 
when  necessary,  diminishing  the  bright- 
ness of  the  picture  as  a  whole  without 
affecting  the  degree  of  contrast.  Screens 
should  always  have  a  border  of  appreci- 
able width  and  low  luminosity. 
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In  the  discussion,  the  President  (Mr. 
F.  J.  Cheshire)  referred  to  a  paper  by 
H.  Lehman  on  screens,  read  before  the 
German  Physical  Society  in  1908.  The 
diagram  shows  the  relation  between  the 
brightness  of  image  and  the  angle  of 
obliquity  at  which  the  screen  is  viewed, 
based  on  experiments  due  to  this  author. 
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ANGLES  OF  EMISSION 


A    NEW    MERCURY    VAPOUR    LAMP 
FOR  ALTERNATING  CURRENT. 

In  Comptes  Rendus,  M.  H.  Georges 
describes  a  new  form  of  high  voltage 
alternating  current  mercury  vapour  lamp. 
In  ordinary  circumstances  it  is  only 
possible  to  run  such  lamps  on  an  alternat- 
ing supply  by  the  use  of  special  electrodes. 
M.  Georges,  however,  overcomes  the 
difficulty  by  introducing  neon  gas  into 
the  tube,  which  is  of  quartz.  The  lamp 
is  connected  to  a  110/3,000  volts  trans- 
former and  when  first  switched  on 
exhibits  the  characteristic  spectrum  of 
luminescent  neon.  This,  however,  is 
quickly  replaced  by  the  mercury  spectrum, 
as  the  mercury  volatilises,  and  in  seven 
minutes  the  lamp  attains  a  steady  state. 
There  is  then  a  drop  of  50  volts  per  cm. 
of  tube,  and  an  internal  temperature  of 
700°  C.  is  attained.  The  present  lamp 
consumes  1  ampere  at  2,250  volts,  but 
it  is  hoped  to  construct  lamps  taking  up 
to  10  kw.  and  furnishing  the  most  power- 
ful source  of  ultra-violet  energy  known. 
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TOPICAL    AND     INDUSTRIAL    SECTION. 

[The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will, 
it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all 
bona-fide  information  relating  thereto.] 


PROGRESS   IN   GAS-FILLED  LAMPS. 


"We  have  received  from  several  of  the 
leading  makers  of  electric  gas-filled  lamps 
intimations  of  the  introduction  of  40- 
watt    100-130  volt  and  60-watt  20O-260 

volt    lamps    of    this    type.      Such    lam])-. 

needless  to  say,  should  have  important 

applications  in  many  cases  where  the 
high  consumption  of  so-called  "  half- 
uatt  "  lamps  has  hitherto  prevented 
their  introduction. 


Two  "  Mazda  "  types  of  such  lamps, 
as  furnished  by  the  British  Thomson- 
Houston  Co.,  Ltd.,  are  illustrated.  Both 
lamps  have  ring  filaments  and  can  be 
operated  in  any  position. 


Fig.   1. — Mazda  Gas-filled   Lamp, 

40-watt,  100-130  volts. 

(Approximate  overall  dimensions, 

4f  in.  by  2£  in.) 


Fig.  2. — Mazda  Gas-filled  Lamp, 

60-watt,  200-260  volts. 

(Approximate  overall  dimensions, 

5f  in.  by  2f  in.) 


Messrs.  FALK  STADELMANN  &  Co.,  Ltd.  H.  &  H."  HART-SNAP  SWITCHES. 

A  recently-issued  catalogue  of  the 
General  Electric  Co.,  Ltd.,  deals  with  the 
"  H.  &  H."  Hart -Snap  switches,  a  form 
of  rotary  switch  which  is  stated  to  possess 
advantages  in  many  cases  where  the 
ordinary  tumbler  variety  cannot  readily 
be  applied.  The  makers  of  the  switch, 
for  which,  we  are  informed,  the  (i.E.C. 
have  assumed  the  sole  selling  agency  in 
this  country,  are  the  Hart  &  flegeman 
Manufacturing  Co.,  of  Hartford,  Conn., 
U.S.A.  The  mechanism  is  simple,  and 
special  varieties  of  switches  arc  available 
for  heaters,  electroliers,  etc.,  the  latter 
obviating  the  necessity  of  having  several 
switches  in  one  room  in  order  to  obtain 
the  desired  control  of  groups  of  lights. 


New  Catalogue  of  Fixtures. 

We  have  before  us  the  new  edition  of 
the  Electric  Fixtures  catalogue  of  Messrs. 
Falk  Stadelmann  cS:  Co.,  Ltd.,  which  is 
a  comprehensive  production,  many  differ- 
ent types  of  chandeliers,  pendants, 
statuettes,  and  shades  and  glassware 
being  illustrated.  Full  particulars  of 
codes  for  ordering  goods  by  telegraph  are 
given  at  the  end  of  the  catalogue.  We 
notice  that  the  present  list  does  not 
include  semi -indirect  lighting,  but  we 
understand  that  this  will  be  dealt  with 
in  a  special  supplementary  catalogue  to 
be  issued  before  the  autumn  of  the 
present  year. 
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EDITORIAL. 


Statistics  on  Industrial  Lighting. 

A  few  months  ago  reference  was  made  to  an  instructive  survey  of 
Industrial  Lighting  in  fifteen  of  the  United  States  by  Mr.  R.  O.  Eastman, 
in  which  an  attempt  was  made  to  ascertain  the  views  of  managejs  on  the 
benefits  to  be  derived  from  improved  illumination.  The  assembly  of 
opinions  on  this  point  is  one  useful  weapon  for  the  illuminating  engineer, 
but  an  even  more  powerful  one  is  the  collection  of  actual  data  illustrating 
the  relation  between  good  illumination  and  freedom  from  accidents  and 
efficiency  of  work. 

The  desirability  of  data  showing  the  influence  of  lighting  on  output 
was  emphasised  by  Mr.  Ward  Harrison  in  a  recent  address  before  the 
Taylor  Society,  a  body  in  the  United  States  which  makes  a  scientific  study 
of  industrial  production,  and  which  is  therefore  in  a  favourable  position  to 
conduct  tests  on  this  point.  It  is  pointed  out,  however,  that  such  tests 
have  to  be  conducted  with  considerable  care  in  order  to  yield  comparable 
results  on  a  uniform  basis. 

There  are  many  other  factors  besides  lighting  which  have  an  influence 
on    production,    and    these    must    be    carefully    eliminated.     Changes    in 
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personnel,  variations  in  the  quality  of  materials  supplied,  weather  con- 
ditions, the  past  history  of  the  workers,  and  particularly  the  proximity  of 
holidays — all  these  have  their  effect  on  the  work  of  the  factory.  Another 
point  insisted  upon  is  that  the  workers  should,  if  possible,  be  kept  in 
ignorance  of  the  fact  that  they  are  being  experimented  upon.  The  know- 
ledge that  a  test  is  being  conducted  is  apt  to  arouse  suspicion  in  some  minds, 
whilst  in  others  it  may  induce  special  effort  or  nervousness  which  may 
easily  alter  the  ordinary  routine  of  work.  Changes  in  the  lighting  should 
also  be  made  as  unobtrusively  as  possible,  especially  if  a  return,  for  the 
purpose  of  a  check,  is  made  to  the  old  standard  of  illumination,  which 
prevailed  before  improvements  are  introduced. 

It  will  readily  be  understood,  therefore,  that  some  difficulties  may  be 
expected  in  making  a  prolonged  test  of  this  character,  even  if  the  consent 
of  the  management  is  obtained,  and  much  patience  may  be  necessary. 
The  same  applies  to  information  regarding  the  causation  of  accidents. 
There  is,  perhaps,  less  hostility  to  be  feared  from  workers,  seeing  that  the 
tests  are  so  obviously  made  for  their  benefit,  but  the  disturbing  factors 
are  possibly  greater,  and  it  is  necessary  to  cover  a  very  wide  ground  in 
order  to  obtain  reliable  results. 

These  considerations  emphasise  the  need  of  securing  the  goodwill  of 
the  workers  in  making  such  inquiries,  in  order  to  pave  the  way  for  systematic 
surveys.  If  their  interest  could  be  excited,  much  useful  information  could 
be  obtained  regarding  facts  met  with  in  their  experience,  even  before  a 
comprehensive  study  is  undertaken  ;  indeed,  the  accumulation  of  facts 
in  this  way  is  a  necessary  preliminary  to  the  full  inquiry,  as  it  would 
indicate  the  most  profitable  lines  of  investigation  and  reveal  pitfalls  to  be 
avoided.  Foreman  engineers  in  particular  should  be  able  to  furnish  from 
their  experience  many  instances  of  accidents  traceable  to  inadequate 
illumination.  The  industrial  councils  now  being  formed  in  a  number  of 
industries  under  the  Whitley  Scheme  furnish  a  useful  channel  of  inquiry, 
in  view  of  the  fact  that  both  management  and  employees  are  represented, 
and  that  inquiries  into  the  results  of  unsatisfactory  illumination  are 
obviously  for  their  common  benefit. 

It  is  interesting  to  observe  that  Mr.  Harrison  confirms  the  general 
impression  that  work  on  night-shifts  is  usually  less  efficient  than  on  day- 
shifts,  the  production  in  the  former  case  being  10-25  Per  cent,  lower  than 
in  the  latter.  This  is  in  accord  with  the  available  information  on 
accidents,  which  have  been  shown  to  be  more  prevalent  by  night  than  by 
day.  The  question  arises,  therefore,  how  far  these  better  results  by  daylight 
are  due  to  the  arrangement  of  the  lighting,  and  how  far  to  the  much  greater 
intensity  prevailing.  Artificial  light  being  under  much  better  control 
than  daylight,  there  should  be  no  difficulty,  in  the  average  factory,  in 
securing  comparable  conditions  as  regards  diffusion  of  light.  As  regards 
amount  of  light,  due  regard  must  be  paid  to  the  remarkable  power  of  the 
eye  to  adapt  itself  to  varying  intensities  of  illumination,  provided  the 
changes  are  not  too  sudden,  and  glare  and  excessive  contrasts  are  avoided. 
There  is  some  evidence,  however,  to  show  that  in  many  industrial  processes 
the  limit,  beyond  which  an  increase  in  illumination  produces  no  corre- 
sponding gain  in  efficiency,  is  much  higher  than  is  generally  believed. 
This  is  one  problem  that  does  not  admit  of  speed}r  solution,  and  is  best 
solved  by  consultation  between  lighting  experts  and  representatives  of 
the  industries  concerned,  and  by  the  examination  of  results  obtained  during 
a  long  series  of  tests. 
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The  Use  of  Architectural  Features  as  an  Aid  to  Lighting. 

The  discussion  on  the  lighting  of  churches  before  the  Illuminating 
Engineering  Society  a  few  months  ago  revealed  a  disposition  to  recommend 
the  avoidance  of  very  large  chandeliers,  such  as  were  common  in  the  past, 
in  favour  of  more  or  less  concealed  methods  of  lighting,  involving  the 
placing  of  lamps  amongst  the  architectural  features  of  the  interior.  The 
idea  is  to  use  some  actual  feature  of  the  wails  or  ceiling,  e.g.,  niches  in  the 
walls  or  domes,  or  slots  in  the  ceiling,  as  a  contrivance  which  takes  the  place 
of  the  lighting  fixture  in  its  ordinar}7  sense. 

It  need  scarcely  be  said  that  the  method  is  not  of  general  application, 
but  there  are  many  interiors  to  which  it  might  quite  appropriately  be 
applied.  Theatres,  cinemas,  concert  halls  and  places  of  entertainment  are 
cases  in  point.  Such  buildings  are  mainly  used  at  night  time,  and  their 
interiors  ought  accordingly  to  be  specially  designed  with  a  view  to  the 
best  use  of  artificial  light.  Light-coloured  surfaces  such  as  readily  reflect 
and  diffuse  the  light  are  necessary  to  the  success  of  such  methods,  which 
naturally  involve  the  co-operation  of  the  illuminating  engineer  and  the 
architect  at  an  early  stage  in  the  design  of  the  interior.  The  wiring  is  not 
invariably  simple,  and  the  designer  can  greatly  facilitate  the  work  of  wiring 
by  providing  means  by  which  wires  can  be  easily  inserted  and  readily 
replaced  if  defective. 

We  can  recall  several  cinemas  and  theatres  in  this  country  where 
these  methods  have  already  been  used  with  good  effect.  Readers  will 
recall  the  recent  account  in  our  journal  of  a  subway  in  the  United  States 
where  the  lighting  was  carried  out  by  means  of  diffusing  panels  let  into 
the  walls,  while  on  the  underground  railways  of  London  a  very  similar 
idea  has  been  utilised,  only  in  this  case  the  lamps  are  mounted  in  recesses 
in  the  ceiling.  In  the  present  issue  we  refer  to  an  interesting  street-lighting 
installation,  described  by  Messrs.  A.  C.  B.  Halvorsen  and  A.  B.  Odey  before 
the  Illuminating  Engineering  Society  in  the  United  States,  in  which  lamp- 
posts were  dispensed  with  and  the  illumination  provided  by  panels  let 
into  the  parapets.  The  method  would  naturally  only  have  a  limited 
application  for  street  lighting,  but  on  bridges,  and  on  terraces  and  the 
facades  of  buildings,  there  are  many  opportunities  for  the  exercise  of 
ingenuity  in  this  way. 

At  present  when  lamps  are  installed  outside  buildings,  it  seems  to 
be  invariably  assumed  that  the  lamp  must  be  either  hung  from  a  bracket 
or  mounted  on  an  upright  springing  from  a  pedestal.  This  is  probably  a 
survival  of  the  days  when  only  flame-sources  were  available.  With  modern 
illuminants  there  is  much  greater  freedom  in  the  location  of  the  light  source, 
and  the  art  of  making  this  an  integral  feature  of  the  architecture  seems  to 
be  only  in  its  infancy.  In  assisting  us  to  devise  methods  of  lighting  inde- 
pendent from  the  bracket,  the  suspended  source  and  the  pedestal  fitting, 
the  architect  might  do  considerable  service  to  illuminating  engineering,  and 
we  believe  that  "there  is  here  a  most  favourable  opportunity  for  the  exercise 
of  his  craftsmanship  and  artistic  perception. 

A2 
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The  History  of  Church  Lighting. 

The  short  history  of  Church  Lighting,  which  Mr.  J.  Darch  contributes 
to  our  present  number  (pp.  201-209),  f°rms  a  useful  supplement  to  his  paper 
read  before  the  Illuminating  Engineering  Society  in  April  last.*  An 
interesting  account  is  given  of  the  methods  of  lighting,  adopted  by  the 
early  Christian  churches.  As  illuminants  these  were  extremely  primitive, 
consisting  at  first  of  dishes  containing  oil  or  grease,  and  later  of  candles. 
Presently  candles  came  to  form  an  actual  part  of  the  religious  service,  and 
wealthy  donors  frequently  contributed  costly  and  elaborate  candlesticks 
and  candelabra. 

It  is  curious  to  note,  however,  that  the  use  of  candles  in  ceremonial 
was  apparently  a  source  of  much  controversy  in  the  early  churches.  Such 
discussions  doubtless  go  far  to  explain  differences  in  tradition  in  church 
lighting.  However  this  may  be,  there  can  be  no  doubt  that  on  the  whole 
the  use  of  light  has  been  intimately  associated  with  worship.  Dr.  M.  Gaster, 
in  a  series  of  articles  that  appeared  shortly  after  the  starting  of  this  Journal,* 
has  shown  how  veneration  of  light,  primarily  the  light  of  the  sun  and  the 
heavenly  bodies,  formed  the  basis  of  many  of  the  ancient  religions  ;  and 
how  even  when  light  was  not  actually  an  object  of  worship,  it  nevertheless 
came  to  form  an  essential  element  in  religious  service  and  celebrations. 
The  study  of  these  religious  associations  of  light  has  much  of  interest  to 
the  illuminating  engineer. 

The  introduction  of  modern  illuminants  only  came  about  at  quite  a 
recent  date.  Some  instances  are  quoted  in  the  article  on  cathedrals,  which 
only  sanctioned  the  use  of  gas  and  electricity  after  it  had  long  become 
familiar  in  other  tvpes  of  buildings.  In  a  few  cases,  on  the  other  hand, 
enterprising  but  premature  attempts  seem  to  have  been  made  to  use  new 
illuminants  almost  immediately  after  their  introduction,  and  before  they 
had  really  reached  a  practical  stage.  Experience  of  modern  systems  of 
lighting  in  churches  is  very  short  in  comparison  with  the  long  period  covered 
by  ecclesiastical  history.  One  can  readily  understand  that  there  may  often 
be  a  disposition  in  favour  of  retaining  candle-fittings  (possibly  valued  gifts 
dating  from  bygone  years),  even  though  these  large  metal  chandeliers, 
originally  designed  to  carry  a  large  number  of  candles  or  small  oil  lamps, 
would  not  now  be  necessary  or  even  desirable  with  modern  high  candle- 
power  lamps.  It  is  also,  perhaps,  not  unnatural  that  the  use  of  gas  and 
electricity  should  be  suspected  by  some  as  incongruous  in  these  old  buildings, 
and  patience  is  needed  to  dispel  this  impression. 

It  is  the  task  of  the  illuminating  engineer  to  show  how  the  requirements 
of  the  service  can  be  met  by  adequate  lighting,  and  yet  in  a  manner  in 
keeping  with  the  traditions  of  the  church  illuminated.  In  this  work  he 
must  be  prepared  to  co-operate  with  the  authorities  associated  with  the 
church  and  to  take  their  views  into  consideration,  and  it  is  also  much  to  be 
desired  that  lighting  conditions  in  churches  should  be  studied  by  the 
architect,  on  whose  advice  action  is  frequently  taken. 

Leon  Gaster. 

*  Vol.  II.,  1909,  pp.  371,  462,  520,  586,  660,  731,  804. 
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A   SHORT   HISTORY   OF   CHURCH   LIGHTING. 


By  John  Darch. 


A  number  of  historical  and  other 
references  met  with  in  the  preparation  of 
the  paper  recently  read  by  the  Author 
before  the  Illuminating  Engineering 
Society,*  was  precluded  for  want  of  space 
and  it  was  thought  that,  arranged  chrono- 
logically, they  would  form  a  useful 
appendix.  My  wish,  however,  is  to 
refer,  mainly,  to  those  facts  which  bear 
upon  the  principles  enunciated  in  that 
paper.  The  story  of  the  development 
of  art  in  lamp  and  candelabra,  though 
interesting,  must  be  looked  for  elsewhere. 

I.  IN    SECRET    CHURCHES,    A.D.    33 
TO  313. 

The  earliest  record  of  an  evening 
Christian  Church  Service  seems  to  be  that 
in  Troas,  about  a.d.  59,  mentioned  in 
Acts  xx.  7,  8,  when  in  the  "  upper  room  " 
(usually  reserved  for  worship  or  con- 
ference) there  were  "  many  lights." 
(Lamps.)  There  are  frequent  references 
to  "  candles  "  in  the  authorised  version 
of  the  New  Testament  but  they  should, 
in  all  cases,  read  "  lamps,"  while  the 
"  lamps  "  of  the  ten  virgins  should  read 
"  torches,"  i.e.,  flaming  fibre  in  oil  cups 
on  a  stick.  Oil  lamps  were  almost  ex- 
clusively used  in  Palestine,  for  olive  oil 
was  abundant  and  candles  rare. 

The  Roman  persecutions  of  the  Chris- 
tians, from  a.d.  64  onwards,  were, 
certainly,  only  local  and  spasmodic,  but 
the  ever  present  fear  obliged  the  Christians 
to  establish  secret  churches — largely  in 
the  more  retired  portions  of  the  houses 
of    the    wealthier    members, f    so    that 

*  Illum.  Eng.,  May  1920,  pp.  141-157. 

t  One  church  in  Rome  met  at  the  house  of 
Prisca  and  Aquila  (Rom.  xvi.  3,  5).  There  was 
also  in  the  house  of  Rufus  Pudens,  a  governor 
who  married  a  British  princess,  a  vaulted  room, 
which  still  exists  under  the  Church  of  S.  Pud- 
enziana,  now  known  as  the  oratory  of  St.  Peter, 
and  which  I  have  had  the  pleasure  of  examining. 


artificial  lighting  was  essential.  Cere- 
monial lights  were  not  used  and  there 
were  no  altars. 

The  Lamps  that  have  been  found  bear- 
ing Christian  symbols  do  not  belong  to 
this  period.  Those  of  terra-cotta  were 
just  the  cheap  commercial  articles  in 
common  use,  of  which  Fig.  1  is  a  typical 


bout  Sin  lonq > 


Fig.  1. — Section  of   Terra-cotta   Lamp  with  or 
without  handle. 

section.  The  nozzle  had  to  be  kept  low 
to  ensure  a  free  flow  of  oil  and,  even  then, 
the  wick  which  was  of  loosely  twisted 
flax  or  rush,  needed  frequent  trimming 
with  tweezers  or  a  hook.  There  is  a  hole 
in  the  top  for  filling,  but  made  small  to 
prevent  splashing.  The  flame  was 
smoky  and  the  efficiency  low  ;  glare  did 
not  trouble  them  as  much  as  soot  and 
smell.  Some  lamps  had  two  or  more 
nozzles  to  give  more  light  for  the  reader. 
I  have  dwelt  on  the  details  of  this  as  it 
was  the  lamp  of  the  ages. 

Bronze  lamps  (and  probably  sheet 
copper  or  a  copper  alloy,  brass  being 
unknown)  would  be  used  in  the  oratories 
of  the  better  houses  They  generally  have 
a  base  and  a  cover,  like  a  tea-pot,  with 
a  large  significant  handle ;  sometimes 
there  was  a  chain  or  hook  for  suspension. 
Some  of  the  lamps  that  have  come  down 
to  us  are  works  of  art,  but  their  lighting 
efficiency  was  no  better  than  that  of  the 
earthenware  lamps. 

The  Candelabra  would,  generally,  be 
simple  wood  stands  of  a  light  portable 
character     (the     shaft     was     frequently 
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of  bamboo)  or  they  may  be  more  grace- 
fully designed.  (Fig.  2.)  Here  and 
there  one  might  have  met  with  the  more 
patrician  bronze  or  marble  candelabra. 
The  lamps  were  sometimes  placed  on 
brackets  or  in  wall  niches,  as  may  be  seen 
in  the  catacombs. 


Fig.    2. — Pillar  and   Hanging   Candelabra. 

The  suspended  candelabra  were  small 
plaques  or  larger  rotae  (wheels)  as  in 
Fig.  2  of  wood,  sheet  copper  or  bronze,  on 
which  the  lamps  were  usually  placed 
promiscuously. 

II.    IN  THE  CHURCH  CATHOLIC,  4TH 
TO  18TH  CENTURIES. 

It  is  one  of  the  wonders  of  the  human 
race  that  it  has  suffered  the  smoky  primi- 
tive lamp  and  the  snuffy  guttering 
candle  all  through  this  long  period,  to  say 
nothing  of  the  many  centuries  before, 
without  achieving  the  slightest  improve- 
ment in  their  efficiency  or  in  the  prin- 
ciples of  lighting,  until  the  19th  century. 

Practical  necessity  was  the  sole  object 
of  lighting  in  the  early  free  church  ;  but, 
in  the  Middle  Ages,  lighting,  to  enable 
the  worshippers  to  join  in  the  responses 
or  canticles  in  dark  mornings  or  evenings 
was  a  thing  unknown.  Reading  and 
singing  were  the  business  of  the  clergy 


and  choir,  while  the  people  knelt  outside 
the  rood  screen  in  a  darkness  ';  made 
visible  "  by  a  few  twinkling  candles  or 
lamps  disposed  here  and  there. 

The  natural  result  of  the  Constantine 
edict  of  religious  freedom,  a.d.  313,  was 
a  rebuilding  of  destroyed  churches  on  a 
larger  scale.  Optatus  states  that  at  the 
end  of  the  4th  century  there  were  as  many 
as  40  large  Christian  churches  in  Rome. 
Constantine  gave  them  no  less  than  174 
candelabra,  representing  nearly  9.000 
lamps  ;  one  candelabrum  was  said  to  be 
of  gold,  with  500  dolphins,  each  holding  a 
lamp.  Paulinus  (a.d.  420)  describes 
the  altar  as  crowned  with  crowded  lights 
— i.e.,  hanging  over  the  altar. 

Oil  lamps,  though  never  entirely  dis- 
placed, gave  way  in  time  to  a  preponder- 
ance of  candles.  Both  beeswax  and  tallow 
were  used,  but  wax  gave  a  cleaner  light 
and  burnt  slower  than  tallow.  Ure  found 
an  intensity  of  illumination  of  14  to  10 
in  favour  of  wax  per  unit  of  consumption. 

The  Ceremonial  use  of  candles  was  the 
subject  of  fierce  controversy  in  the  Free 
Church  from  the  2nd  century  onward, 
but  did  not  come  into  general  usage  until 
the  4th  century.  It  was  enforced  by 
Pope  Gregory  in  a.d.  590  and  confirmed 
by  the  Nicean  Council  in  787,  also  for 
votive  purposes.  Altar  lights  were  not, 
however,  in  use  until  the  12th  century. 

The  Paschal  candle  was  always  of 
beeswax,  but  later  all  liturgical  candles 
had  to  be  of  the  same  material,  and  were 
sometimes  made  with  broader  bases  for 
greater  security  on  the  prickets,  or,  in  the 
case  of  large  candles,  for  standing  alone. 

Lamps. — There  are  few  Christian 
antiquities  in  greater  abundance  than  the 
cheap  earthenware  lamps,  but  none  date 


Fig.    3. 


-Terra -cotta     Lamps 
symbols. 


with    Christian 


earlier  than  the  4tb  century  or  later  than 
the  7th.  They  are  similar  to  those  already 
described,  excepting  that  they  bear  such 
Christian  symbols  as  the  cross,  the  fish, 
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the  palm,  and  the  Constantine  mono- 
gram   x      The    catacombs   have    yielded 

hundreds  of  the  circular  type,  and  excava- 
tions in  Syria  and  Egypt  of  the  butter- 
boat type,  as  Fig.  3.  Many  bronze  lamps 
with  well-executed  Christian  emblems 
have  also  been  preserved. 

Candelabra. — I  can  only  refer  to  the 
principal  types  used  in  churches. 

Pillar  lampstands,  as  used  before  the 
Christian  era,  were  adopted  in  the  Church 
from  the  first,  and  have  persisted  through- 
out, for  even  the  20th  century  has  seen 
such  additions  to  St.  Paul's  Cathedral. 
During  the  earlier  centuries  we  find  both 
the  slender  (Fig.  2)  and  massive  types, 
in  wood,  bronze,  and  marble,  and  all 
breathing  the  elegance  of  Greek  art. 

The  seven-branched  candlestick  after 
the  Mosaic  pattern  (Exod.  xxv.  31) 
inspired  many  a  priest  of  the  Romanesque 
period.  The  most  characteristic  copy  is 
that  at  Essen  of  a.d.  1003  ;  it  is  6  ft.  6  in. 
wide  (Fig.  4),  and  of  which  a  beautiful 
bronze  facsimile  may  be  seen  in  the 
South  Kensington  Museum.  Other 
churches  possess  examples  larger  and  more 
costly.     They  stood  before  the  altar. 


Fig.  6  is  one  of  the  bronze  candelabra 
standing  on  the  altar  rail  of  the  Certosa, 
Paira,  and  Fig.  7  is  one  of  four  copper 
pillars  that  stood  in   Whitehall   Chapel 


Fig.  5. — Triangular  Candelabra  and  suspended 
"  Spiders." 


Fig.  4. — Seven  branched    Candelabra  at  Essen. 

The  triangular  candelabrum  (for 
candles)  (as  Fig.  5)  was  a  15th  century 
development  of  the  latter. 

The  Classic  Renaissance  of  the  16th 
century    produced    some    notable    work. 


Fig.     6. — Bronze     Candela- 


Fig.  7. — Copper 
Candelabrum  from 
Whitehall,  now  in 


brum  at  the  Certosa,  Paira.     St.  Bavon,  Ghent. 


Height  6  ft. 


Height  10  ft. 
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till  about  1655,  when  they  were  sold  by 
Cromwell's  Commonwealth  and  are  now 
in  S.  Bavon,  Ghent ;  they  are  10  ft.  high 
with  marble  bases,  and  still  bear  the 
English  arms. 

The  Chandelier  (as  we  use  the  term)  has 
already  been  referred  to  in  its  simple 
form.  It  developed  during  the  5th  to 
11th  centuries  in  the  rota  or  wheel  form, 
but  with  fixed  places  or  prickets  for  lamps 
or  candles.  As  wealthy  donors  were 
moved  to  do  the  thing  handsomely,  they 
increased  in  size  and  magnificence.  Pope 
Adrian,  in  the  8th  century,  gave  one 
furnished  with  1,370  candles.  In  the 
Romanesque  period  the  great  Hildesheim 


many  a  homily.  Another  type  of  Gothic 
origin  had  a  central  body  sometimes  in 
lantern  or  castellated  form  with  statuettes 
and  arms  with  sockets  for  candles. 

Altar  Candlesticks  came  into  use  in  the 
12th  century.  At  first  in  the  squat 
Romanesque  form,  of  bronze,  and  later 
they  developed  into  the  more  elegant  and 
costly  Gothic  of  brass  or  silver,  and 
jewelled. 

III.   IN    GREAT    BRITAIN    TO    THE 
18TH  CENTURY. 

The  Church  of  England  during  the 
Roman  occupation,  from  its  first  church 


Fig.  8. — Hildesheim  Cathedral  with  the  great  Corona. 


chandelier  was  given  (a.d.  1050)  ;  it  is 
20  ft.  in  diameter,  and  has  72  candle 
holders  (Fig.  8) ;  a  full-sized  model  hangs 
in  South  Kensington  Museum.  This 
and  others,  similarly  cumbersome,  at 
Aix-la-Chapelle,  Treves,  Rheims,  etc., 
make  amends  only  in  their  more  equable 
distribution  of  light. 

In  the  Gothic  period  (14th  century)  the 
corona  became  smaller  with  grease  cups 
and  prickets  or  sockets  for  candles,  and 
some  were  made  in  triple  tiers — ;"  crowns 
of  glory,"  that  served  the  good  priest  for 


at  Glastonbury,  founded  a.d.  60,  to  that 
of  the  Martyr  St.  Albans  in  the  4th 
century,  used  the  ancient  Roman  lamp 
and  candelabra  alreadv  described. 

From  1070  to  1536  the  church  was 
ruled  from  Rome  and  had  the  same  liturgy 
and  pretty  much  the  same  lighting 
customs.  Night  services  in  parish 
churches  were  exceptional,  but  for  early 
matins  or  late  evensong,  principally  in 
the  abbeys,  cressets  or  candle  lanterns 
were  all  that  were  considered  necessary 
beyond  the  liturgical  candles. 
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Lamp  niches*  are  an  interesting  feature 
and  illustrate  my  contention  (p.  145)  that 
the  mediaeval  architects  had  no  compunc- 
tion in  adapting  structural  features  to 
lighting  requirements.  At  Patrington 
Church  we  have  a  forecast  of  concealed 
lighting.  It  is  a  square  stone  boss,  as 
Fig.  9,  containing  a  plain  chamber  for 
a  lamp  to  shed  a  mysterious  light  from 
nowhere  on  the  altar.  At  Lichfield  is  a 
lamp  niche  8|  in.  by  10  in.,  with  a  flue 
to  the  outside. 


Fig.  9. — Lamp  NicEe  at  Patrington. 

Candles  of  tallow  or  mutton  fat  had  to 
serve  for  ordinary  church  lighting,  as 
olive  oil  was  scarce  and  little  used, 
although  wax  candles  were  sometimes 
employed.  A  15th  century  church  inven- 
tory mentions,  "  Item,  iiij  candylstykes 
of   latonf   with  braunches   for    Talough 


Cathedral  spent  £1  in  tallow  candles  but 
£18  in  wax. 

Cresset  stones  were  used  for  lighting  the 
church  and  its  precincts.  They  were 
pots  or  hollows  worked  in  blocks  of  stone, 
to  be  filled  with  oil  or  grease  with  a 
floating  wick.  An  old  French  author 
refers  to  one  as  a  "  crasset  lampe  de  nuit." 
The  stone  cresset  was  a  fixture,  whereas 
the  better  known  cresset  was  a  grease  pot 
or  cage  of  inflammable  material  fastened 
to  a  pole  and  used  in  procession,  or  fixed 
in  the  earth  as  a  beacon,  or  to  light  the 
approach  to  a  church.  In  the  Rites  of 
Durham  we  read  : — 

There  is  standinge  on  the  South  pillar  of 
the  Quire  doore   of  the  Lanthorne,  a  foure 
square  Stonn,  which  hath  been  finely  wrought 
.  .  .    with  twelve  cressets,  which  was  filled 
with   tallow,  and   every  night   one  of   them 
was  lighted  when  the  day  was  gone,  and  did 
burne  to  give  light  to  the  monkes  at  mid- 
night when  they  came  to  mattens. 
At  Lewanwick  Church,  Cornwall,  there 
is  a  polished  granite  cresset,  as  Fig.  10, 
18  in.  top  diameter  and  7  in.  thick,  with 
seven  holes  2|  in.  diameter  and  3 J  in. 
deep,  and  standing  on  a  base  14  in.  thick. 
At  St.  Mary's,  York,  the  well-known 
ruined     abbey     which     Mr.     Crompton 
illumined  in  the  early  days  of  arc  lamps, 
there  is  a  limestone  cresset,  as  Fig.  12, 
13  in.  by  8  in.  by  5  in.  thick  with   six 
holes.     We  have  a  corbel  cresset  in  the 
Norman   Church   of   Dereham,   Cumber- 
land, top  projecting  face  10  in.  by  10  in. 


Fig.  10. — Granite  Cresset, 
Lewanwick  Church. 


Fig.  11. — Cresset  Corbel, 
Dereham  Church. 


Fig.  12. — Cresset  Stone, 
at  St.  Mary's,  York. 


candell."  In  the  accounts  of  St.  Mar- 
garet's Church,  Westminster,  for  1505, 
we  read,  "  For  candyll  for  burning  in  the 
lantervn  on  wynter  mornings  in  the  body 
of  the  churche  Xd,"  also  "  for  a  dossen  of 
Candyll  to  set  aboute  the  churche  uppon 
Christenmasday  in  the  mornyng  Xlld." 
(probably    wax).     In    1704    St.    Paul's 

*  Antiquarian  Journal,  Vol.  XXXIX,  1882. 
f  Latten,  sheet  brass  or  other  alloy. 


and  8|  in.  deep,  as  Fig.  11,  with  one 
cressethole.  Further  examples  are  extant. 
Chandeliers,  when  they  took  the  corona 
or  wheel  form,  were  known  as  "  rowells," 
and  when  hung  before  the  rood  or  in  the 
chancel,  might  carry  from  10  to  20 
candles.  They  were  lowered  by  pulleys. 
A  will  in  1494  bequeaths  wax  for  "  xij 
Ivghtes  breuning  afore  ye  roode,  in  ye 
rowelle." 
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Later,  the  Gothic  form  of  chandelier 
bad  a  central  stem  or  body  with  statuettes 
or  grotesques  and  foliated  branches. 
Towards  the  18th  century  Dutch  influence 
brought  in  the  "  spider  "  form,  i.e.,  globe 
bodies  with  long  slender  swan-neck  arms 
in  one,  two  or  three  tiers  (Fig.  5).  These 
may  be  seen  in  many  churches  ;  two  fine 
specimens  are  at  the  South  Kensington 
Museum  and  a  large  one  at  Holy  Trinity 
Church  close  by. 

Candlesticks. — Not-  many  Paschal  or 
altar  candlesticks  survived  the  iconoclasm 
of  the  Reformation.  The  good  folks  of 
Durham  "  estimated  "  their  "  Pascallto 
be  one  of  the  rarest  monuments  in  all 
England,"  and  a  description  is  given  in 
the  Rites  of  Durham.  By  an  act  of 
chapter  in  1579,  however,  it  was  decreed 
"  that  the  Paschal  shall  be  defaced  by 
the  officers."  They  tell  me  that  no 
Paschal  has  been  substituted  since. 

The  pair  of  floor  candlesticks  before 
the  high  altar  at  Westminster  Abbey 
represent  a  Gothic  type  and  is  of  15th 
century  of  gilt  hammered  brass  with  cast 
dogs,  etc.,  at  the  base  A  length  of  stem 
has  recently  been  inserted,  see  Fig.  13. 


Altar  Candlesticks,  which  came  into  use 
in  12th  century,  were  frequently  given  to 
the  Church .  the  earliest  extant  and  most 
remarkable  is  the  Gloucester  Candle- 
stick, an  elaborately  cut  and  pierced  mass 


Fig.  13. — Gilt  brass  15th  century  Candlesticks 
at  Westminster  Abbey. 


By  permission  ol  the  Victoria  and  Albert  Museum. 

Fig.  14. — The  Gloucester  Candlestick  of  gilt  bell 

metal.     Height  23  in. 

of  grotesque  figures  and  foliage  with 
a  spiral  inscription  to  the  effect  that  it  was 
given  by  Peter  the  Abbot  to  the  Abbey  of 
Gloucester  about  1100.  It  is  English 
work  and  now  stands  in  a  case  in  the 
South  Kensington  Museum,  see  Fig.  14. 
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In  poorer  churches  the  altar  candle- 
sticks were  of  thin  sheet  metal  or  pewter. 
Later  they  were  mostly  of  cast  brass 
about  18  in.  high.  Fig.  15  is  a  character- 
istic example  of  17th  century,  English, 
from  Armagh  Cathedral  and  now  in  South 
Kensington  Museum.  Stow,  in  1590, 
refers  to  a  candlestick  factory  in  Loth- 
bury,  London.  Many  of  the  cathedrals 
have  beautiful  silver  examples  from  15 in. 
to  26 in.  high,  but  all  are  of  17th  century 
or  later.  The  pair  of  candlesticks  on  the 
high  altar  of  Westminster  Abbey  were 
given  by  a  domestic  servant  in  1691, 
and  are  of  gilt  silver,  30  in.  high,  chased 
and  in  high  relief,  and  valued  at  £1,000. 


;iR 
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Fig.    15. — Cast  brass  Altar  Candlestick,   18  in. 
high.     Armagh  Cathedral. 

Ceremonial  Lights. — The  Sanctuary 
lamp  was  introduced  in  the  13th  century 
and  continued  until  the  Reformation.  In 
a  will  of  1472  it  was  provided  that  the 
churchwardens  of  St.  Mary-at-Hill,  Lon- 
don "  shall  fynde  and  susteyn  for  ever- 
more a  lampe  with  oyle  in  the  quire  to 
burn  alwey  as  well  on  Days  as  on  nyhtes." 

"  On  candlemas  Daye  the  bearynge 
of  candels  is  done  "  (a.d.  1520).  And  the 
bigger  the  blaze  the  greater  the  satis- 
faction. But  the  most  important  candle 
function  was  the  Easter  blessing  of  the 
great  Paschal  Candle  which  stood  before 
the  altar,  one  at  Westminster  Abbey  in 
1557,  requiring  300  lbs.  of  wax.  At 
that  and  other  festivals  the  rood  beam 
was  decorated  with  candles,  or  what  we 
should  call  a  "  batten  ':  was  furnished 
with  pewter  or  brass  cups  or  spikes  (long 
nails  driven  through)  for  candles. 


Pure  beeswax  was  usually  bought 
from  the  local  farmers  by  the  sacristan 
(contr.  Sexton),  and  the  candles  either 
made  by  him  or  by  an  itinerant  chandler. 
Many  curious  entries  of  wax  purchasing 
are  to  be  found  in  warden's  accounts. 
Also  such  items,  in  1517,  as  "  For 
Snoffers  of  plate  for  to  put  owte  the 
tapours  Vd." 

Since  the  abolition  of  papal  authority 
in  1534  the  use  of  lights  in  ritual  has  not 
been  consistent.  In  the  Puritan  period 
(1560-1660)  "  candle  religion,"  as  it 
was  called,  was  abandoned  in  all  Pro- 
testant Churches  and  was  not  generally 
restored  in  the  Established  Churches  until 
after  the  development  of  the  Oxford 
Movement  in  1860,  since  which  altar 
lights  have  become  general,  though 
optional.  The  Mackonochie  case  in  1872 
and  the  Lincoln  judgment  in  1889  have 
still  left  the  ecclesiastical  law  of  lights 
undecided. 

IV.    THE     NEW    LIGHTING     ERA  — 
19TH  CENTURY. 

The  last  few  years  of  the  18th  century 
gave  birth  to  a  new  genius  of  lighting 
which  irradiated  the  entry  of  the  greatest 
century  that  the  world  has  known. 
Almost  at  one  stroke  the  ages  old  primi- 
tive oil  lamp  and  candle  were  transformed 
and  unimaginable  new  lights  created  and 
again  reformed. 

Education  had  a  profound  effect  on 
church  life.  No  longer  was  the  Church 
of  England  able  to  hold  the  consciences  of 
the  people  ;  the  rood  screen  was  removed 
and  the  surplice  ceased  to  command  its 
privileges,  for  the  congregation  became 
capable  of  taking  an  equal  part.  These 
facts  intimately  touched  the  lighting 
question  and  are  at  the  root  of  the  argu- 
ments of  the  foregoing  paper.*  The 
people  needed  to  read  easily,  to  clearly 
see  the  preacher,  the  sanctuary  and  the 
church  ;  while  lights  must  not  interpose 
as  of  old.  Naturally,  these  remarks 
apply  only  to  the  great  majority  of  our 
churches  and  chapels  ;  there  is  no  inten- 
tion to  assail  the  faith  of  those  who  cling  to 
the  observances  of  the  13th  century  or 
those,  such  as  the  spiritualists,  who 
sincerely  employ  darkness  and  mystery 
in  their  propaganda. 

*  See  Illum.  Eng.,  May  1920,  p.  142. 


208 


THE  ILLUMINATING  ENGINEER  (july   1920) 


The  New  Oil  Lamp. — When  Argand 
brought  out  his  10  candlepower  lamp  in 
1782,  with  its  perfect  combustion  of  colza 
oil,  it  created  a  sensation,  for  no  one  had 
ever  seen  a  lamp  with  a  bright,  immovable 
and  smokeless  flame  and  with  which  it 
was  possible  for  those  who  could  read  to 
do  so  in  church. 

But  the  viscidity  of  all  oils  had  ever 
been  a  drawback  to  the  use  of  lamps,  and 
when,  in  1850,  Mr.  James  Young  pro- 
duced his  paraffin,  a  limpid  mineral  oil 
that  rose  freely  up  the  cotton  wick,  it 
led  to  a  great  number  of  country  churches 
using  oil  lamps,  after  ten  centuries  of 
candle  lighting.  Cheap  petroleum  (kero- 
sene), which  came  on  the  market  a  few 
years  later,  gave  lamp  making  for  churches 
a  great  impetus.  The  best  single  and 
duplex  burners  gave  20  to  30  candlepower 
and  the  annular  burner  40  to  50  candle- 
power.  Within  the  last  15  years  we  have 
had  the  oil-fed  incandescent  mantle  with 
its  50  candlepower.  Oil  lamps  were  (and 
are  still)  in  use  in  hundreds  of  churches, 
but  they  were  usually  hung  low  and 
obstruction  and  glare  began  to  operate. 

The  Reform  of  the  Candle.— In  1810 
the  snuffless  wicks  were  introduced  and,  • 
though  slowly  adopted,  none  felt  their 
benefit  more  than  the  church.  The 
introduction  of  stearine  (1830),  paraffin 
wax  (1870)  and  vegetable  wax  and  their 
mixtures  gave  us  a  candle  that,  for 
church  use,  equals  the  cleaner  and  in- 
tenser  light  of  beeswax  at  much  less  cost. 
Nevertheless,  for  liturgical  purposes,  the 
Catholic  and  Anglican  churches  decree 
beeswax,  but  the  order  has  been  relaxed 
to  a  minimum  of  65  per  cent.  Candles 
are  an  expensive  mode  of  lighting,  but 
100  candles,  property  distributed,  give  a 
better  general  illumination  than  two  50 
candlepower  lamps  equally  exposed. 

Coal  Gas.— Samuel  Clegg,  the  gas 
pioneer,  laid  down  one  of  the  earliest 
experimental  plants  for  lighting  up 
Stonyhurst  Catholic  College  in  1810.  If 
the  Chapel,  now  rebuilt,  was  included  it 
would  be  the  earliest  sanctuary  to  be  lit 
with  gas.  The  first  public  supply  was 
the  Gas  Light  and  Coke  Co.,  chartered  in 
1812,  but  others  quickly  followed  all 
over  the  country. 

The  first  ordinary  church  to  be  lighted 
by  gas  would  appear  from  Accum's  book 


to  be  St.  John  the  Evangelist,  Smith's 
Square,  London,  in  1813.  But  the 
churches  generally  seemed  to  be  shy  in 
adopting  gas  lighting.  Some  thought 
that  "  it  would  make  a  church  look  like 
a  gin  palace,"  but  the  Pope's  objection 
was  more  explanatory.  The  Journal  of 
Gas  Lighting  of  1848  reports  that  when 
the  Pope  was  waited  on  for  his  consent  to 
a  new  Roman  Gas  Co.  he  refused  it, 
disclaiming  the  new  light  as  "  utterly 
subversive  of  religion,"  and  that'"  candles 
would  be  rendered  ridiculous  beside  the 
glaring  gas  and  a  custom  essential  to 
everlasting  salvation  would  fall  into 
disuse." 

It  was  not  until  about  1860  when  ^Ir. 
Bray  began  to  improve  the  burners  that 
the  churches  took  more  freely  to  gas 
lighting.  Durham  Cathedral  kept  on 
with  candles  till  1870.  St.  Paul's 
Cathedral  had  no  evening  services  until 
1858,  and  on  dark  days  candles  sufficed, 
but  in  1852,  at  the  Duke  of  Wellington's 
funeral,  gas  was  installed  in  *'  illumina- 
tions  "  form  round  the  arches  and  round 
the  dome ;  it  was  little  used  after, 
although  the  fittings  remained  until 
1900. 

The  first  rational  principle  of  illumin- 
ating churches  came  with  the  invention 
of  the  ventilating  sunburner,  by  Mr.  Alfred 
King,  in  1866,  and  improved  upon  soon 
after  by  Mr.  Strode,  who  fitted  up  the 
Brompton  Oratory  and  a  number  of 
prominent  churches  and  chapels  in 
London  with  them.  A  witness  of  one  of 
the  earliest  of  these  said  :  "  It  is  difficult 
to  describe  the  beauty  and  agreeable 
glow  of  this  method  of  illumination 
without  having  witnessed  it."*  That 
was  50  years  ago. 

From  1890  the  Welsbach  incandescent 
mantle,  which  gave  40  candlepower  where 
12  or  15  had  been  before,  was  readily 
taken  up  by  the  churches  and  made  their 
interiors  much  more  cheerful,  but  the 
glare  much  more  painful. 

The  sunburners  above  mentioned, 
although  remaining  in  many  churches,  are 
largely  out  of  use,  due  to  the  lower 
illuminating  quality  of  gas  supplied  since 
the  introduction  of  mantles.  This  diffi- 
culty was  met  by  a  Scotch  firm  about 

*  See  "  Overhead  Lighting,"  p.  149,  Illum.  Eng., 
May,  1920. 
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1908,  who  introduced  a  ventilating 
sunburner  of  high  power  with  clusters  of 
small  mantles,  and  these  have  been  fitted 
in  many  churches  in  the  north,  with 
good  results. 

Electric  Lighting  was  taken  up  by  the 
more  enterprising  churches  shortly  after 
the  introduction,  about  1881,  of  the 
carbon  filament  lamp,  and  gas  and  candle 
fixtures  were  invariably  employed. 

The  earliest  record  that  I  have  is  of 
Dr.  Parker's  City  Temple,  London  ;  it 
was  of  a  break-down  at  the  watch-night 
service  of  1882.  A  number  of  well-known 
churches  installed  electric  lighting  during 
the  next  three  or  four  years,  including 
St.  George's,  Hanover  Square,  and  the 
ancient  Temple  Church,  but  the  greatest 
business  in  churches  was  between  1890 
and  1895  ;  after  this  the  influence  of  the 
new  gas  mantle  was  felt.  The  first 
church  to  be  lit  with  electricity  in  the 
north  of  England  was  Hetherington, 
Durham,  in  1886,  and  the  first  in  Glasgow, 
Hillhead  Baptist,  also  in  1886. 

Electric  lighting  was  installed  at  St. 
Paul's  Cathedral  during  1900-2,  by  the 
munificence  of  Mr.  Pierpont  Morgan, 
at  a  cost  exceeding£10,000.  Experiments 
were  previously  made  with  concealed 
lighting,  but  abandoned  as  "  theatrical." 
The  beautiful  chandeliers  and  other 
fittings  look  well  by  daylight,  but  how 
far  the  installation  has  been  successful 
in  lighting  the  building  anyone  who 
attends  an  ordinary  Sunday  evening 
service  may  judge. 

Acetylene. — This  highly  illuminating 
gas  first  became  commercially  available  in 
1894,  and  so  great  was  the  rush  of  in- 
ventors of  apparatus  that  lighting  was  in 
full  swing  in  1898,  and  I  hear  of  a  church 
that  was  lit  by  a  Gravesend  man  in  that 
year.  From  1899  to  1909  acetylene 
was  installed  in  hundreds  of  country 
churches.  New  fittings  were  generally 
necessary  for  this  brilliant  gas,  but  no 
advantage  seems  to  have  been  taken 
to  improve  on  the  bad  old  methods 
of  glare. 


The  Emerging  of  the  Art  of  Illumination. 

— The  establishment  of  rational  principles 
in  the  art  of  illumination  must  be  assigned 
to  the  20th  century.  That  light  is  a  good 
servant  but  a  bad  master  has  been  fre- 
quently demonstrated,  but  that  know- 
ledge is  very  slowly  affecting  our  hide- 
bound customs.  I  sincerely  hope  that 
the  20th  century  will  see  as  great  a  reform 
in  the  handling  of  light  as  the  19th 
century  has  in  its  production. 

Count  Rumford,  about  1790,  pointed 
out  that  light  should  be  screened  from 
the  eyes,  and  designed  lamps  to  that  end. 

Whilst  researches  were  being  made  in 
light,  photometry  and  optics,  about  the 
middle  of  the  19th  century,  town  churches 
were  establishing  regular  evening  services 
and  yielding  object  lessons  in  glare  that 
did  not  escape  notice.  Since  delivering 
the  foregoing  paper,  I  met  with  Mr. 
Richards'  Gas  Manual  for  1865,  and  was 
so  surprised  and  pleased  with  one  para- 
graph that  I  must  quote  it. 

The  common  method  of  illuminating 
churches  and  chapels  is  to  suspend  a  number 
of  lights  from  the  front  of  the  gallery  and  on 
pillars  in  the  body  of  the  edifice  ;  hence  the 
people  have  to  sustain  the  full  glare  of  a  large 
number  of  flames  or  lights  which  puts  the 
preacher  in  comparative  obscurity  and  has 
a  tendency  to  produce  drowsiness,  and  that 
which  might  be  considered  want  of  merit  in 
the  preacher  is  due  to  the  defective  art  of 
lighting. 

Nothing  that  has  been  said  in  these 
days  so  completely  epitomises  my  argu- 
ments in  the  foregoing  paper  as  this  that 
was  written  55  years  ago,  and  now  seen  by 
me  for  the  first  time. 

America  took  the  first  concerted  lead 
by  establishing  her  Illuminating  Engineer- 
ing Society  in  1905  with  a  brilliant 
membership.  This  Journal  was  launched 
by  Mr.  Leon  Gaster  in  January,  1908, 
and  our  own  Illuminating  Engineering 
Society  was  inaugurated  in  1909.  The 
first  two  years  of  the  Journal  and  the 
eleven  years'  work  of  the  Society  have 
done  more  than  anything  else  to  spread 
a  knowledge  of  rational  systems  of  lighting 
and  will,  it  is  hoped,  make  the  20th 
century  more  fruitful  than  the  19th. 


210 


THE  ILLUMINATING  ENGINEER  (jcly  1920) 


SOME  IMPRESSIONS  OF  PRAGUE  AND 
CZECHO-SLOVAKIA. 

In  the  last  issue  of  this  journal  a  brief 
reference  was  made  to  the  recent  visit 
of  a  party  of  delegates  from  the  British 
International  Association  of  Journalists 
to  Czecho-Slovakia,  and  the  writer  would 
now  like  to  supplement  this  by  some  notes 
on  his  personal  impressions  of  the  country, 
and  especially  of  the  romantic  city  of 
Prague,  one  of  the  most  remarkable  and 
interesting  cities  in  Europe. 

A  good  deal  has  recently  been  written 
about  this  country  by  the  members  of  the 
party,  who  have  visited  it,  and  various 
aspects  have  been  considered. 

Probably  there  are  as  yet  few  people 
in  this  country  who  have  any  clear  con- 
ception of  the  Czecho-Slovakian  Republic, 
which,  comprising  Bohemia,  Moravia, 
and  Slovakia,  occupies  an  area  of  about 
55,000  square  miles.  Of  the  Republic, 
Bohemia  is  best  known,  with  its  many 
artistic  industries  and  its  associations 
with  music  and  drama.  The  industries 
include  cotton  and  woollen  goods,  boots 
and  shoes,  gloves,  porcelain,  glassware, 
timber,  bent  wood  furniture,  etc.  Al- 
though, like  other  countries,  Czecho- 
slovakia has  its  industrial  difficulties, 
lack  of  coal  and  raw  material  being  the 
main  difficulty,  it  is  already  making 
preparation  to  export  on  a  considerable 
scale.  But  those  who  wish  to  do  business 
must  understand  the  country  and  must 
appreciate  particularly  the  need  for  longer 
credit  facilities  which  form  an  important 
feature  in  transactions  in  this  part  of 
Europe. 

In  our  previous  note  we  referred  to  the 
high  artistic  skill  shown  in  many  of  the 
articles  produced,  notably  the  decorative 
lighting  glassware  for  which  Bohemia  has 
long  been  famous,  and  the  carved  wood 
lighting  fittings  which  form  an  interesting 
new  departure. 


The  people  are  great  lovers  of  music  and 
the  drama.  When  some  years  before  the ' 
war,  the  magnificent  theatre  in  Prague 
was  burned  down,  the  people  would  not 
rest  until,  by  public  subscription,  they 
had  raised  the  amount  necessary  for 
rebuilding.  Recreation  is  carried  on  until 
a  late  hour  at  night,  yet  people  resume 
work  early  in  the  morning.  Prague,  as 
the  capital  of  Czecho-Slovakia,  now  enjoys 
much  of  the  importance  previously 
attached  to  Vienna.  This  change  in 
status  has  led  to  a  considerable  increase 
in  the  population,  which  the  traffic 
facilities  are  unable  to  meet  satisfactorily. 
Many  people  have  to  walk  to  their  work — 
the  tramcars  are  over-burdened. 

While  the  writer,  who  enjoyed  the 
hospitality  of  the  Czecho-Slovakian 
Government,  is  perhaps  hardly  in  a 
position  to  judge  the  conditions  of  ordi- 
nary life  in  Czecho-Slovakia, *it  appeared 
that  the  people  in  general  are  moderately 
well  fed  ;  there  was  at  least  a  great  con- 
trast in  the  appearances  of  the  children 
as  compared  with  those  seen  during  the 
passage  through  Germany.  The  people 
seemed  not  only  better  nourished,  but 
with  a  happier,  more  alert  and  more 
hopeful  mental  outlook.  To  visitors  from 
England  the  rate  of  exchange  naturally 
makes  living  relatively  cheap,  and  Czecho- 
slovakia and  Prague  well  deserve  a  visit. 

Prague,  the  City  of  a  Hundred  Spires, 
is  situated  amidst  wooded  hills  and  most 
romantic  scenery.  Many  of  its  old 
buildings  are  of  great  historic  interest. 
The  Royal  Palace,  now  the  residence  of 
the  President,  Professor  Masaryk,  and 
the  various  Government  Departments, 
overlooks  the  rest  of  the  town,  and  as  the 
ancient  residences  of  the  Bohemian  kings 
has  many  interesting  associations.  The 
vast  Vladislav  Hall  is  unique.  Another 
venerable  edifice  is  the  City  Hall,  with  its 
curious  astronomical  clock,  whence  issue 
at  the  striking  of  the  hour,  the  figures  of 
Christ  and  the  Twelve  Apostles. 

An  annual  event  for  which  preparations 
were  in  progress  during  our  stay  is  the 
great  Sokol  Festival.  The  Sokol  is  an 
old-standing  association,  which  is  difficult 
to  define,  but  plays  an  important  part  in 
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the  national  life.  It  combines  the  culture 
of  the  body  with  the  teaching  of  patriot- 
ism in  a  wide  sense,  and  has  something 
in  common  with  the  Boy  Scouts"  Associa- 
tion in  this  country.  It  is.  however, 
devoted  to  young  people  and  grown  ups 
alike.  The  vast  Stadium  where  the 
festival  was  held  this  year  can  accommo- 
date about  20.000  performers,  doing  their 
drill  and  exercises  simultaneously,  and 
the  touch  of  colour  in  the  costumes 
adopted  by  various  groups  and  sections 
makes  this  combined  display  a  wonderful 
sight.  Another  remarkable  national  asset 
is  the  great  open  air  theatre  at  Sarka, 
which  dates  back  for  hundreds  of  years 
and  is  devoted  to  special  plays,  many  of 
them  illustrating  curious  legends  or 
events  in  the  national  history.  The  stage 
is  located  in  a  narrow  valley  with  moun- 
tainous sides,  and  the  stage-foreground 
passes  naturally  to  the  adjacent  scenery, 
groups  of  peasants  descending  from  the 
hills  in  a  most  impressive  way. 

Finally,  there  are  in  Czecho-Slovakia 
some  of  the  most  delightful  health  resorts 
in  the  world.  Carlsbad  (now  called 
Karlovvvaria)  and  Marienbad  (now 
called  Marianske  Lazne).  with  baths, 
hills,  and  forests,  are  amongst  the  best 
known.  The  facilities  for  medical  treat- 
ment are  most  elaborate  and  the  medical 
gymnasia,  baths,  etc.,  are  well  worth  a 
visit,  even  by  those  who  are  fortunately 
not  in  need  of  their  assistance  from  the 
hygienic  standpoint.  During  our  visit 
everything  possible  was  done  by  the 
Government  to  render  the  trip  instructive 
and  enjoyable,  and  there  exists  a  genuine 
sympathy  and  respect  for  England,  which 
will  ensure  visitors  a  pleasant  reception. 
When  it  has  become  somewhat  better 
known,  Czecho-Slovakia  may  well  claim 
to  share  with  Switzerland  the  description 
— ""  the  playground  of  Europe  '"  :  and  I 
hope  that  it  will  form  a  centre  of  peaceful 
co-operation  of  the  various  nations 
engaged  in  restoring  mutual  confidence 
and  assuring  a  brighter  and  happier 
future  for  the  country. 

I  take  this  opportunity  of  expressing 
the  thanks  of  the  members  of  the  party  to 
the  various  officials  who  did  even-thing 
they  could  to  make  our  stay  enjoyable 
and  instructive,  and  in  particular  I  should 
like  to  mention  the  names  of  Dr.  Butter, 


of  the  Foreign  Office,  and  .Mr.  Nbv<  toy, 
a  most  capable  representative  of  the 
Czecho-Slovakian  I' 

L.  G. 


STREET    LIGHTING     WITH     LOW- 
MOUNTED   UNITS. 

Street  lighting  has  hitherto  been  car- 
ried out  almost  exclusively  by  means  of 
lamps  mounted  on  posts  a  considerable 
height  above  the  ground.  Occasionally, 
however,  one  meets  cases  where  lamps  at 
a  relatively  low  level  are  useful.  Such 
an  instance  is  afforded  bv  the  roadwav 
over  the  Kensico  Dam.  in  the  Brinx 
River  Valley  (Xew  York),  the  lighting 
of  which  is  described  by  Messrs.  C.  A.  B. 
Halvorsen  and  A.  B.  Oday  in  a  recent 
contribution  to  the  Transactions  of  the 
American  Illuminating  Engineering 
Society. 

This  is  approximately  2.200  ft.  long 
and  26  ft.  wide.  There  are  stone  para- 
pets on  either  side  and,  at  each  end  of 
the  dam.  pavilions  surrounding  a  circular 
court.  The  architectural  specifications 
for  the  dam  precluded  the  use  of  posts, 
and  it  was  accordingly  decided  to  conceal 
lamps  at  the  sides,  flush  with  the  parapets, 
and  in  the  pavilions  at  each  extremity  of 
the  dam.  The  parapet  lights  consisted 
of  panels  carrying  a  prismatic  glass  door 
let  in  flush  with  the  surface,  at  a  height 
of  26^  inches.  Behind  the  door  is  a 
6-volt  108-watt  lamp,  of  the  type  used 
for  automobile  headlights,  with  a  re- 
flector behind. 

Photographs  of  the  installation  by 
night  suggest  that  the  effect  is  quite 
pleasing,  the  lights  being  completely 
concealed  from  view,  so  that  a  person 
approaching  one  end  of  the  dam  sees  only 
the  illuminated  roadway.  The  illumina- 
tion along  the  centre  of  the  roadway 
(approximately  006  foot-candles)  appears 
sufficiently  uniform.  The  method  could 
presumably  only  be  applied  to  fairly 
narrow  streets  or  bridges,  and  where 
there  is  some  form  of  parapet  at  the  side 
where  lighting  panels  can  be  concealed. 
But  it  seems  to  deserve  attention  in 
special  cases  of  this  kind. 
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THE   NATIONAL  PHYSICAL 

LABORATORY    REPORT   FOR   THE 

YEAR  1919. 

The  report  of  the  laboratory  for  the  past 
year  is  a  much  more  comprehensive  one 
than  in  recent  years,  and  indicates  that 
work  has  now  resumed  its  normal 
character,  many  investigations  left  in 
abeyance  during  the  war  being  again 
attacked.  Reference  is  made  to  the 
death  of  Lord  Rayleigh  and  Sir  John 
Brunner,  both  of  whom  have  rendered 
conspicuous  services  to  the  N.P.L.  It 
will  b<j  recalled  that  Sir  Richard  Glaze- 
brook,  the  late  Director,  retired  in  Sep- 
tember last,  his  place  being  taken  by 
Professor  J.  E.  Petavel. 

As  regards  the  work  done  during  the 
past  year,  it  is  only  possible  to  make  a 
brief  reference  to  a  few  matters  of  special 
interest  to  our  readers.  Apart  from 
researches  having  an  industrial  bearing 
much  information  is  given  of  various  war 
investigations.  During  the  war  Mr.  C.  C. 
Paterson  and  Mr.  J.  W.  T.  Walsh  were 
responsible  for  apparatus  for  finding  the 
height  of  aeroplanes.  (A  kindred  re- 
search mentioned  is  the  exact  location 
of  sounds,  under  certain  circumstances 
the  surprising  accuracy  of  +  05  per  cent, 
being  attained.)  Much  work  was  also 
done  by  these  two  investigators  on  small 
gas-filled  lamps  used  for  aircraft-signal- 
ling, necessitating  filaments  arranged  in 
two  parallel  spirals.  About  50,000  dials 
with  figures  outlined  in  luminous  paint 
have  been  tested  by  the  arrangement 
already  described  in  this  journal ;  most 
dials  are  now  well  above  the  standard 
brightness  of  0*0075  foot-candle  specified 
in  1915,  owing  to  the  steady  improvement 
in  the  quality  of  radium  luminous  com- 
pound. The  experiments  of  Messrs. 
Paterson,  Walsh  and  others  on  search- 
light carbons  have  already  been  described 
in  a  paper  before  the  Institution  of 
Electrical  Engineers.  A  fascinating  prob- 
lem that  receives  only  casual  mention  is 
signalling  by  methods  inappreciable  to 
extraneous  observers  such  as  the  use  of 
infra-red  or  ultra-violet  energy.  Three 
such  methods  have  been  contrived,  and 
one  of  them  enabled  signals  to  be  trans- 
mitted from  two  to  six  miles  in  daylight. 


The  absence  of  any  sufficiently  trust- 
worthy means  of  measuring  the  intensity 
of  ultra-violet  and  infra-red  energy 
proved  a  difficulty  in  these  researches. 

Projection  methods  of  testing  screw- 
gauges  have  now  become  quite  established. 
Some  researches  on  travelling  projectiles 
of  small  size  were  undertaken  by  means 
of  shadowgraphs,  i.e.,  photographs  of 
shadows  caused  by  a  small  projectile 
passing  in  front  of  a  vivid  spark  from  a 
condenser  ;  these  experiments  served  to 
determine  various  points  in  connection 
with  the  stability  and  wind-streams  of 
bullets.  Tests  of  telescopes  and  gun- 
sights  have  naturally  diminished  in 
number  during  the  last  year.  It  is  of 
interest  to  note  that  the  deterioration  in 
quality  of  optical  glass,  noticed  in  the 
early  stages  of  the  war,  was  not  confined 
to  this  country,  but  was  experienced  in 
Germany  as  well.  However,  the  best 
British  products  using  such  glass  are  now 
considered  to  be  quite  the  equal  of  those 
produced  abroad. 

The  section  on  photometry  deals 
largely  with  problems  arising  through 
the  extending  use  of  gas-filled  lamps. 
So  far  it  has  not  been  found  possible  to 
obtain  gas-filled  lamps  giving  as  steady 
and  consistent  results  as  lamps  of  the 
vacuum  type,  but  trials  are  being  made 
with  the  object  of  obtaining  a  set  of 
standards  working  near  one  candle  per 
watt.  The  use  of  such  lamps  in  small 
sizes  for  aircraft  signalling  has  made  it 
necessary  to  adopt  some  criterion  of  the 
temperature  of  the  filament,  based  on  the 
colour  of  light  emitted. 

It  is  recognised  that  gas-filled  lamps 
should  be  rated  in  average  (mean  spheri- 
cal) candlepower.  Consistent  results  can- 
not be  obtained  by  rotating  the  lamp, 
and  the  use  of  an  integrating  photometer 
is  desirable  to  avoid  the  laborious  work 
of  getting  measurements  at  different 
angles  from  a  stationary  lamp.  The 
whitened  cube  set  up  in  1911  has  proved 
satisfactory  for  ordinary  work,  but  two 
spherical  photometres,  one  of  one  metre 
and  one  of  two  metres  diameter,  are  also 
to  be  prepared.  The  re-determination  of 
the  values  of  electric  sub-standards, 
especially  of  the  set  operating  at  0-68 
candle  per  watt,  was  delayed  during  the 
war,  but  has  now  been  recommenced. 
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THE   RELATION   BETWEEN   ILLUMINATION  AND  OUTPUT. 


Ix  a  paper  recently  read  before  the 
Taylor  Society  at  Rochester,  N.Y.,  Mr. 
Ward  Harrison  discussed  some  of  the 
differences  between  natural  and  artificial 
light.  The  two  chief  respects  in  which 
daylight  differs  from  artificial  lighting 
are  (1)  lesser  diffusion  of  light  and  (2) 
very  much  less  illumination.  Require- 
ments as  regards  diffusion  can  be  met  to 
a  great  extent,  but  at  present  it  hardly 
seems  economically  feasible  to  provide 
an  intensity  of  artificial  light  equal  to 
that  of  normal  outdoor  daylight. 

Experience,  however,  goes  to  show  that 
it  is  difficult  to  fix  a  limit  to  the  amount 
of  illumination  desirable,  provided  the 
light  is  well  diffused.  Outdoor  daylight 
illumination  approaches  1,000  foot- 
candles  ;  artificial  illumination  in  indus- 
trial plants  usually  falls  between  \  and 
10  foot-candles.  Good  indoor  daylight 
illumination  is  ordinarily  considered  to  be 
not  less  than  15  foot-candles. 

The  question  arises,  "  How  far  does  it 
pay  to  go  in  increasing  illumination  ?  " 
Increased  illumination  enables  us  to  see 
more,  and  especially  when  objects  in 
motion  have  to  be  studied.  Mr.  Durgin's 
inquiries  in  Chicago*  showed  increases  in 
production  of  10 — 20  per  cent,  arising 
from  better  lighting,  and  this  has  been 
more  or  less  confirmed  by  other  less 
complete  investigations.  Further,  night- 
shifts  at  present  are  notoriously  less 
efficient  than  day-shifts,  the  difference  in 
productive  power  being  usually  10 — 25 
per  cent.  It  should  also  be  remembered 
that  in  plants  averaging,  say,  100  square 
feet  of  floor  space  per  employee  the  cost 
of  good  artificial  lighting  is  usually  not 
in  excess  of  0-l  per  cent,  of  employees' 
remuneration  during  the  period. 

These  considerations  show  the  import- 
ance  of   tests   of   production    by    varied 

*  See  Illum.  Eng.,  October  1918,  p.  229. 


conditions  of  artificial  light,  and  Mr. 
Harrison  suggested  to  the  Taylor  Society, 
which  is  associated  with  the  scientific 
study  of  industrial  production,  that  this 
body  should  institute  inquiries  in  the 
works  with  which  members  were  con- 
nected. In  the  appendix  to  his  paper  the 
author,  however,  suggested  various  factors 
that  needed  to  be  kept  in  mind.  Among 
these  are  : — 

(1)  The  test  should  relate  to  a  large 
number  of  workers  supplied  with  uniform 
illumination. 

(2)  A  separate  work-sheet  should  be 
kept  for  each  man. 

(3)  Such  extraneous  factors  as  humidity 
of  atmosphere,  time  of  year,  days  elapsing 
before  and  after  holidays,  etc.,  should  be 
closely  noted. 

(4)  A  series  of  different  values  of 
illumination  should  be  used  in  the  test. 
It  is  best  to  start  with  the  original 
illumination,  increase  the  value,  and 
return  to  the  first  conditions  several 
times.  A  check  should  also  be  kept  on 
production  by  daylight. 

(5)  Material  supplied  should  be  care- 
fully studied,  as  this  varies  and  may 
involve  variations  in  output. 

(6)  If  possible  the  fact  that  a  test  is 
being  conducted  should  be  kept  from  the 
knowledge  of  the  workers. 

(7)  Close  supervision  of  the  men  to 
ensure  that  they  are  all  at  work  is 
necessary  and  changes  in  personnel  should 
be  noted. 

(8)  Any  shut-down  or  discontinuity  in 
work  must  be  allowed  for. 

(9)  Changes  in  lamps  and  reflectors 
should  preferably  be  executed  over  the 
week  end  when  workers  are  not  present. 

(10)  Illumination  should  be  measured 
at  the  beginning  and  end  of  hours  of  work, 
as  well  as  at  certain  intermediate  hours. 
Definite  stations  should  be  allocated  for 
these  readings. 
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AN  ABSOLUTE  METHOD  OF  TESTING 
COEFFICIENTS  OF  DIFFUSE  RE- 
FLECTION. 

A  new  method  of  determining  absolute 
coefficients  of  diffuse  reflection  is  de- 
scribed by  Mr.  F.  A.  Benford  in  a  recent 
issue  of  the  General  Electric  Review 
(U.S.A.).*  The  method  depends  on  the 
use  of  an  integrating  sphere,  and  has  the 
advantage  that  no  photometric  .standards 
are  involved,  and  measurements  may  be 
made  with  uncalibrated  lamps  and  un- 
known instrument  constants,  the  only 
requirement  being  that  the  lamp  and 
other  accessories  must  remain  constant 
during  the  test.  In  any  sphere  of  this 
description  the  brightness  of  the  interior 
depends  upon  (a)  the  quantity  of  light 
entering  the  sphere,  (b)  the  coefficient  of 
reflection  of  its  inner  surface,  and  (c)  the 
solid  angle  of  the  spherical  surface,  if 
part  of  a  sphere  is  used.  In  the  method 
described  advantage  is  taken  of  a  varia- 
tion of  the  third  of  these  factors  ;  by 
taking  two  readings  with  different  areas 
the  other  two  factors  are  eliminated,  the 
comparative  brightness  in  the  two  cases 
giving  the  key  to  the  determination. 

Accordingly  the  method  consists  in 
using  a  sphere  with  one  or  more  re- 
movable sectors,  of  known  solid  angle, 
the  inner  surface  of  which  is  coated  with 
the  material  to  be  tested.  The  bright- 
ness of  this  area  may  be  compared  with 
any  convenient  extraneous  surface,  such 
as  the  diffusing  glass  plate  in  a  brightness 
photometer.  A  beam  of  light  is  directed 
into  the  sphere,  but  must  not  fall  directly 
on  to  the  surface  coated  with  the  material 
tested.  The  two  coated  sectors,  of  area 
A,,  A2  are  introduced  in  turn  and  their 
respective  brightnesses  Rb  R2  observed. 
Then  if  S  is  the  total  internal  area  of  the 
sphere,  the  coefficient  of  reflection,  K,  is 
given  by— S  (R,— R2)/R,A,— R2A2). 

With  a  view  to  accuracy  it  is  desirable 
that — (1)  A,  should  be  large  in  comparison 
with  S  ;  (2)  A2  should  be  \  to  f  of  A,  : 
(3)  all  stray  light  should  be  quenched 
so  as  not  to  affect  the  part  sphere,  and  (4) 
the  method  should  be  used  with  caution 
if  K  is  less  than  05.  Generally  speaking, 
the  method  is  only  suitable  for  materials 
having    relatively    high    coefficients    of 

*  January,  1920. 


reflection.  In  order  to  illustrate  the 
method  the  author  gives  the  results  of 
some  tests  on  silk-finished  magnesium 
carbonate,  the  reflecting  power  of  which 
is  given  throughout  the  spectrum.  Apart 
from  a  slight  diminution  in  the  extreme 
red,  this  appears  to  be  practically  constant 
at  the  high  value  of  97  4  per  cent.  This 
extremely  high  figure  comes  as  a  surprise, 
but  the  author  mentions  that  88  per  cent. 
has  already  been  obtained  previously 
with  a  reflectometer  which  is  known  to 
read  low. 

A  ROTATING  ARC  FOR  OPTICAL 
PROJECTION. 

In  the  Revue  Generate  de  V  Elect  ririte 
an  account  is  given  of  the  Gabarini 
rotating  arc,  which  is  stated  to  have 
several  advantages  for  projection  work. 
The  aim  is  to  produce  a  very  small  but 
intensely  bright  source  unobstructed  by 
the  negative  carbon.  The  source  of  light 
is  the  crater  of  a  cored  positive  carbon, 
arranged  horizontally.  The  negative 
electrode  takes  the  form  of  a  metal  ring, 
at  the  centre  of  which  the  crater  is 
situated.  This  negative  electrode  is 
cooled  by  a  stream  of  water  or  petrol. 
Being  in  the  form  of  a  ring  it  offers  no 
obstruction  to  the  light  from  the  crater 
of  the  positive  electrode,  and  is  also  non- 
luminous.  In  ordinary  circumstances  the 
arc  would  be  very  unstable  and  tend  to 
wander  in  an  irregular  manner  round  the 
ring.  To  obviate  this  a  solenoid  is  built 
round  the  positive,  producing  a  strong 
magnet  field,  which  causes  the  arc  to 
rotate  rapidly  round  the  ring  at  500 — 
3000  revolutions  per  minute.  The  motion 
is  so  rapid  as  to  be  inappreciable  to  the 
eye,  which  only  sees  the  central  bright 
spot,  the  crater,  surrounded  by  a  faintly 
luminous  haze.  The  negative  electrode, 
being  of  metal  and  of  large  dimensions, 
remains  cool,  wasting  very  slowly.  The 
only  regulation  desirable  is  to  keep  the 
positive  carbon  with  the  crater  at  the 
centre  of  the  ring,  and  this  is  achieved 
automatically  by  the  dilatation  of  the 
metal  plate.  It  is  claimed  that  the  fact 
of  there  being  no  hot  surfaces  in  the 
vicinity  of  the  arc  enables  the  latter  to 
be  brought  much  closer  to  the  optical 
apparatus  than  is  usually  possible,  and 
that  mirrors  or  lenses  of  very  short  focus 
can  be  used. 
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CORRESPONDENCE. 


LIGHTING     CONDITIONS     IN     MINES. 

Dear  Sir. 

With  reference  to  the  discussion  on 
the  above  of  February  24th,  Mr.  H.  F. 
Joel  asks  for  my  opinion  on  the  value  of 
the  principle  adopted  in  the  Fors-Joel 
lamp. 

The  glass  being  yellow,  cuts  off  the 
violet  rays,  which  in  my  opinion  are 
irritating  and  of  no  value  for  vision  in 
mines  ;  therefore,  as  far  as  that  goes. 
I  think  it  is  good,  and  a  great  step  in  the 
right  direction.  But,  it  also  cuts  off  all 
the  red  rays,  and  this  seems  to  me  to  be 
a  disadvantage.  Looking  at  the  light  of 
the  lamp  exhibited  it  appeared  "  cold  " 
and  not  quite  comfortable,  owing,  as  I 
thought,  to  the  lack  of  a  little  red. 

Then  I  have  not  had  an  opportunity 
of  leeing  this  light  in  a  mine  and  observing 
wh&t  the  coal,  etc.,  looks  like  with  it — 
and  that  is  really  the  best  place  in  which 
to  judge  a  miner's  lamp. 

Judged  on  the  surface,  I  should  prefer 
a  lamp  of  that  sort  to  the  present-day 
metal  filament  lamp  with  a  clear  glass. 

My  objection  is  to  the  excess,  or  relative 
excess,  of  blue  and  violet  rays — not  to  a 
small  proportion. 

The  eye  has  been  evolved  to  use  all 
light  rays,  and  a  variety  seems  to  be 
beneficial.  One  gets  tired  of  looking  at 
one  colour  only,  and  that  is  what  is  likely 
to  happen  with  using  light  filters,  as  an 
insufficient  variety  of  rays  can  pass 
through  them. 

The  miner's  eyes  get  tired  of  looking 
at  surroundings  that  are  almost  uniformly 
black  ;  there  is  the  monotony  of  colour, 
as  well  as  the  very  small  amount  of  light 
reflected. 

Mr.  A.  P.  Welch's  proposal  to  put  in 
lightly-coloured  screens  I  think  is  quite 
feasible  in  places  where  one  man,  or  two, 
may  be  working,  with  plenty  of  room, 


but  thev  could  hardly  be  used  where  a 
number  of  men  work  close  together,  as 
they  would  be  too  much  in  the  way,  and 
would  be  a  source  of  danger  from  men 
tripping  over  them.  What  I  think  can 
be  done  is  to  pass  all  timber  through  a 
tank  of  light-coloured  wash  before  it  goes 
into  the  pit,  and  the  roof  could  be 
whitewashed  as  it  becomes  exposed. 
But  where  oil  lamps  are  used  the  benefit 
of  white  roofs  is  largely  nullified  by  the 
shadow  thrown  on  them  by  the  lamps. 

To  bring  the  chromophotic  index  of  a 
badly-lighted  mine  up  to  the  safety 
margin  of  500,  I  estimate  that  as  a 
minimum  a  strip  of  surface  six  inches 
wide,  and  equivalent  to  50  per  cent, 
white  is  required  to  be  within  the  field  of 
vision  of  the  miner  :  in  other  words,  a 
light-coloured  six-inch  post,  or  board, 
and  this  without  any  increase  of  candle- 
power  in  the  lamp,  which  may  be  as  low 
as  2.  The  light  of  the  future  will  most 
likely  be  electric,  although  oil  lamps  give 
a  light  of  very  good  quality  on  the  surface, 
but  not  in  bad  air.  With  improved 
ventilation,  and  the  addition  of  some 
light  colour,  I  see  no  necessity  for  the 
immediate  scrapping  of  oil  lamps. 

If  metal  filament  or  vapour  lamp- 
makers  can  introduce  some  element  into 
their  lamps  that  will  give  off  a  light 
similar  to  the  carbon  filament,  I  think  it 
will  be  decidedly  better  than  using 
orange-yellow,  or  amber  glass,  but  if  this 
cannot  be  done,  then  such  a  glass  will 
probably  be  the  next  best  thing. 

One  has  to  remember  that  a  collier  may 
have  to  work  with  his  lamp  for  20  or  40 
years,  and  therefore  every  endeavour 
should  be  made  to  produce  a  light  that  is 
absolutely  comfortable  to  the  eye.  Dr. 
Llewellyn  and  others  disagree  with  my 
suggestion  that  ultra-violet  rays  may 
cause  incurable  nystagmus.  Since  elec- 
tric lamps  were  introduced  into  Ebbw 
Vale  pits  there  has  been  a  marked 
decrease  in  nystagmus,  as  was  only  to  be 
expected,  but  I  mentioned  other  factors 
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namely,  more  air,  more  daylight,  shorter 
hours,  and  new  men  as  well  as  lamps. 
Not  enough  time  has  yet  elapsed  to 
enable  one  to  see  whether  the  percentage 
of  incurables  will  be  increased.  In  my 
cases  it  was  5  per  cent.  My  object  is 
to  take  steps  to  prevent  such  an  occur- 
rence rather  than  to  wait  for  it  and  then 
talk  about  how  it  should  have  been 
prevented. 

As  to  bad  air  in  mines,  I  am  sure  Dr. 
Haldane  would  not  describe  the  air 
coming  from  some  that  I  have  visited  as 
'■  pure"  It  smells  sickly  and  nauseating, 
reminding  me  of  decomposing  horse's 
urine.  Certainly  it  is  not  invigorating. 
Prom  one  mine,  in  cold  weather,  one  can 
Bee  this  as  a  dirty  brown-coloured  vapour 
as  well  as  smell  it. 

Yours,  etc., 

H.  8.  Elwobthy. 

Dear  Sir, 

I  gladly  avail  myself  of  the  invitation 
to  comment  on  some  of  the  points  raised 
in  Dr.  Elworthy's  letter.  It  has  been 
demonstrated  that  the  incidence  of  a 
yellow  or  "  yellowish  light  on  a  violet 
ground  reflects  a  white  rose  tint  and  on 
indigo-blue  ground  a  white  tint.  Assum- 
ing that  the  colour  of  the  coal  face  is 
blue-black  the  incidence  of  light  from  a 
yellow-tinted  electric  lamp  bulb  would 
be  of  a  whitish  character,  and  this 
appears  to  be  desirable. 


I  have  found  that  the  miners  are 
satisfied  with  the  1  candlepower  light  of 
an  electric  lamp  and  I  suggest  that  a  T5 
candlepower  lamp  reduced  by  a  yellow 
or  orange  tinted  glass  to  an  effective 
1  candlepower  throughout  the  shift  will 
afford  a  safe  mean  between  the  2  candle- 
power  bright  spot  of  an  electric  lamp 
and  the  03  candlepower  average  of  the 
ordinary  oil  lamp. 

I  quite  agree  with  Dr.  Elworthy  in  his 
preference  for  the  carbon  filament  lamp 
as  regards  colour,  but  such  lamps  are  not 
so  efficient  as  the  tungsten  filament 
lamps  and  their  use  would  necessitate  a 
heavier  battery.  Messrs.  Mills  and  Son, 
of  Newcastle-on-Tyne,  recently  intro- 
duced, for  use  in  the  "  Joel-Fors '"  lamps, 
bulbs  with  the  metal  (laments  made  in 
a  close  spiral,  but  t  he  miners  object  to  the 
spot  of  light,  and  Messrs.  Mills  are  accord- 
ingly  having  the  spiral  filaments  extended 
into  a  bow-shaped  curve,  giving  a  more 
extensive  illuminating  surface,  so  as  to 
meet  the  miners'  objection. 

As  regards  practical  tests  in  coal  mines 
of  yellow  tinted  glass  bulbs  in  electric 
miners'  lamps,  at  a  recent  interview  with 
the  Home  Office  .Miners'  Safety  Lamp 
Committee  I  was  informed  that  the 
matter  is  receiving  their  attention. 

Yours,  etc., 

Henry  F.  Joel. 


THE   ARTIFICIAL  LIGHTING  OF   CHURCHES. 


Sir, 

From  the  discussion  on  Church  Light- 
ing which  followed  upon  Mr.  Darch's 
paper  on  April  20th,  the  most  disputed 
point  would  appear  to  be  the  desirability 
of  much  or  little  light.  Frequent  refer- 
ence was  made  to  "  Dim  Religious  Light," 
and  also  to  the  tendency  to  sleep  which  is 
sometimes  revealed.  As  the  decision  of 
this  question  by  authorities  concerned 
may  influence  the  progress  of  adequate 
lighting  in  our  churches,  may  I  offer  an 
opinion  regarding  these  phenomena  ? 

Just  as  the  eye  is  attracted  towards  the 
brightest    light    it    can    see.    so    is    the 


attention  arrested  by  the  object  from 
which  the  light  comes.  Tn  surroundings 
only  faintly  lighted  by  a  "  Dim  Religious 
Light,"  there  are  no  bright  lights  to 
attract  the  eye  and  to  distract  the  mind. 
Prayer,  particularly  when  not  uttered 
audibly,  is  the  very  essence  of  concen- 
trated thought,  and  it  is  because  of  the 
absence  of  any  distraction,  due  to  easily 
visible  objects,  that  the  "  Dim  Religious 
Light"  genuinely  and  undeniably  does 
assist  in  this  concentration.  Similarly 
the  custom  of  covering  the  face  with  the 
hands  prevents  the  mind  from  being  dis- 
tracted by  the  sight  of  any  object. 
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On  the  other  hand,  when  a  sermon  is 
being  delivered  or  a  lesson  read,  the  mind 
of  the  congregation  is  centred  upon  the 
preacher  or  reader,  and  to  enhance  this 
concentration  it  is  highly  desirable  that 
the  preacher  or  reader  should  be  in  a 
light  such  as  will  make  him  conspicuous 
and  easily  visible.  It  would  here  be 
desirable  for  the  general  illumination 
around  the  congregation  to  be  of  low 
intensity,  except  that  during  the  lesson 
it  is  frequently  necessary  to  follow  the 
reader  in  a  Bible,  especially  in  such 
churches  or  parts  of  a  church  where 
audibility  is  not  good.  This  difficulty 
might  be  met  by  increased  local  lighting 
beneath  galleries  and  other  places  where 
it  is  not  easy  to  hear. 


The  tendency  to  sleep,  which  was  also 
referred  to  by  several  speakers,  would 
also  be  explained  by  the  lack  of  concen- 
tration when  the  preacher  is  not  easily 
visible  and  his  expressions  cannot  be 
seen.  The  effort  required  to  hear  in  such 
cases  is  generally  at  the  expense  of  con- 
centration of  thought  on  the  sermon 
itself. 

During  other  portions  of  the  service 
when  it  is  necessary  to  read,  it  must  be 
borne  in  mind  that  the  concentration 
which  is  necessary  in  a  dim  light  for  the 
reading  of  the  words  themselves  is  pre- 
judicial to  the  realisation  of  the  meaning 
of  what  is  being  read. 

Yours,  etc., 

G.  K.  Fletcher. 


REVIEWS  OF  BOOKS  AND  PUBLICA- 
TIONS RECEIVED. 

The  Elements  of  Electrotechnics.  By  A.  P. 
Young,  O.B.E.,  M.I.E.E.  {Sir  Isaac 
Pitman  and  Sons,  Ltd.,  London.  1920. 
pp.  348.     Figs.  179.     7s.  M.  net.) 

This  is  an  addition  of  the  series  of  works 
issued  by  the  above  firm  which  aims  at 
dealing  with  technical  subjects  in  a  clear 
and  logical  manner.  On  this  occasion 
the  book  is  written  with  a  view  to  inform- 
ing those  who  wish  to  be  conversant 
with  the  technicalities  of  the  subject. 
It  is,  however,  clearly  written  and  well 
illustrated  and  should  prove  useful,  to 
students.  The  earlier  chapters  deal  with 
fundamental  principles,  and  the  author 
then  passes  on  to  such  matters  as  electro- 
lysis, magnetism,  measuring  instruments, 
insulating  materials,  and  electric  gener- 
ators and  motors.  Principles  are  illus- 
trated by  explanations  of  practical 
developments  such  as  electric  furnaces, 
meters,  sparking  plugs,  traction  problems, 
etc.  We  notice  that  the  author  professes 
only  to  deal  incidentally  with  alternating 
currents.  This  strikes  us  as  an  omission 
that  might  be  rectified  in  a  subsequent 
edition  in  view  of  the  important  part 
played  by  alternating  current  machinery 


at  present  and  its  probable  greater 
extension  for  transmission  purposes  in  the 
future. 

The  Compulsory  Adoption  of  the  Metric 
System  in  the  United  Kingdom.  ( Report 
submitted  by  the  Metric  Committee  of 
the  Conjoint  Board  of  Scientific 
Societies ) . 

This  comprehensive  report  analyses  the 
views  of  a  number  of  scientific  societies 
on  the  above  question.  The  Committee 
favour  the  use  of  the  metric  system  in  all 
scientific  work  and  its  introduction  in 
industry,  but  are  not  prepared  to  recom- 
mend its  being  made  compulsory  for  the 
retail  trade  of  the  country. 

The  Empire  Municipal  Directory,  1920-21. 
(The  Sanitary  Publishing  Co.,  Ltd., 
London.  38th  Annual  Issite.  pp.  269, 
vi.      Is.  6d.  net). 

We  have  before  us  the  thirty-eighth 
annual  issue  of  the  above  publication, 
which  affords  a  complete  guide  to 
municipalities,  corporations,  etc.,  and 
their  officers  throughout  the  kingdom, 
and  should  continue  to  prove  of 
great  value  to  all  who  have  to  do  with 
municipal  affairs.  As  in  former  years, 
special  articles  are  contributed  dealing 
with  such  problems  as  roads  and  road- 
making,  water  supply,   sewage   disposal, 
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fire  prevention,  housing  and  town  plan- 
ning, etc.,  and  we  observe  that  the  review 
of  street -lighting  has  been  brought  up 
to  date.  We  are  glad  to  record  the 
appearance  of  another  edition  of  this 
useful  book  of  reference. 


Education  and  Training  for  the  Electrical 
and  Allied  Engineering  Industries. 
(Report  issued  by  the  Education  Com- 
mittee of  the,  British  Electrical  and  AlU"! 
Manufacturers'  Association.  Edwin 
Arnold,  London.     1920.     pp.  64.) 

The  Committee  was  formed  during  the 
war  "  to  consider  the  whole  subject  of 
technical  education  in  the  electrical 
and  allied  industries  and  to  suggest  a 
uniform  system."  The  Council,  in 
acknowledging  the  services  of  the 
members  of  the  Committee,  pays  a  special 
tribute  to  the  zeal  and  energy  of  the 
Chairman,  Mr.  A.  P.  M.  Fleming,  who  is 
well  known  as  an  indefatigable  worker 
in  this  field. 

Throughout  the  report  a  distinction  is 
drawn  between  "education,"  in  its  wide 
sense,  and  "  training,"  which  applies 
more  particularly  to  training  in  the  shop-. 
The  proposals  involve  a  classification 
into  trade  apprentices,  engineering 
apprentices,  student  apprentices,  and 
research  apprentices,  but  it  is  suggested 
that  gifted  student  youths  should  be 
given  opportunities  of  qualifying  for 
promotion  to  a  higher  grade.  Stress  is 
laid  on  the  continuation,  in  suitable 
schools,  of  primary  education — in  itself 
inadequate.  The  duty  of  the  firm  to 
care  for  the  welfare  and  instruction  of 
apprentices,  instead  of  (as  too  often 
happened  in  the  past)  leaving  them  to 
"pick  up  "  knowledge,  is  clearly  indicated. 
One  step  advocated  is  the  appointment  of 
apprentice  supervisors,  who  would  give 
an  eye  to  their  charges  by  supervising 
games  and  recreation,  etc.  It  is  remarked 
that  scholarships  have  been  too  ex- 
clusively bestowed  on  those  entering 
the  so-called  learned  professions,  and  that 
they  are  too  often  regarded  as  honours 
to  be  won,  irrespective  of  the  means  of 
the  applicant  or  his  parents.  The  report 
is  concluded  by  a  series  of  recommenda- 
tions which  members  of  the  Association 
endorse. 

We  are  glad  to  note  this  evidence  of 
earnest  study  of  a  difficult  subject,  and 
the  desire  of  this  influential  Association 
to  establish  a  suitable  system  of  education 
for  apprentices  which  we  hope  will 
eventually  become  general  throughout 
the  country. 


DEPARTMENT    OF    SCIENTIFIC     AND 
INDUSTRIAL    RESEARCH. 

We  are  informed  that  Professor  Sir 
John  Cadman,  K.C.M.G.,  D.Sc,  Mr.  W.  B. 
Hardy,  Soc.R.S.,  and  Professor  Sydney 
Young,  D.Sc,  F.R.S.,  have  been  ap- 
pointed to  be  members  of  the  Advisory 
Council  to  the  Committee  of  the  Privy 
Council  for  Scientific  and  Industrial 
Research. 

The  Department  of  Scientific  and 
Industrial  Research  has  established  four 
sub-committees  to  assist  the  Radio 
Research  Board  in  various  investigations. 
Sub-committee  A,  on  the  Propagation  of 
Wireless  Waves  (Chairman,  Dr.  E.  H. 
Rayner,  Sc.D.)  ;  sub-committee  B,  on 
Atmospherics  (Chairman,  Col.  H.  G> 
Lyons,  D.Sc,  F.R.S.)  ;  sub-committee  C, 
on  Directional  Wireless  (Chairman,  Mr. 
F.  E.  Smith,  O.B.E.,  F.R.S.)  ;  and  sub- 
committee D,  on  Thermoionic  Valves 
(Chairman,  Professor  O.  W.  Richardson, 
D.S,-.,  F.R.S.). 

We  have  also  received  from  the  Depart- 
ment a  list  of  sixteen  Research  Associa- 
tions which  have  been  approved  as  com- 
plying with  the  conditions  laid  down  in 
t  he  ( iovernment  scheme  for  the  encourage- 
ment of  industrial  research,  and  have 
received  licences  from  the  Board  of 
Trade.  Seven  more  have  been  approved 
but  are  not  yet  licensed,  and  four  in- 
dustrial organisations  are  engaged  in 
preparing  memorandum  and  articles  of 
association.  Others  are  taking  the  pre- 
liminary steps  towards  formation. 

IRON    AND    STEEL    INSTITUTE. 

An  invitation  has  been  extended  by 
the  Ironmasters  and  Steel  Manufacturers 
of  South  Wales  and  Monmouthshire  for 
the  Autumn  meeting  of  the  Institute  to 
be  held  in  Cardiff  at  the  South  Wales 
Institute  of  Engineers. 

The  proceedings  will  open  on  Monday, 
September  20th,  and  will  terminate  on 
September  24th.  A  list  of  thirteen 
papers  is  announced  and  visits  have  been 
arranged  to  a  number  of  important  works. 
Further  particulars  may  be  obtained  from 
the  Secretary  of  the  Institute,  28,  Victoria 
Street,  London,  S.W.I. 
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[The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will, 
it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all 
bona-fide  information  relating  thereto.] 


GENERAL  ELECTRIC  CO.,  LTD. 

Annual  Meeting. 

At  the  Annual  Meeting  of  the  General 
Electric  Co.,  Ltd.,  on  July  13th,  Mr. 
Hugo  Hirst,  the  Chairman,  gave  a 
summary  of  the  development  of  the  Com- 
pany during  recent  years,  explaining 
various  reconstruction  steps  of  post-war 
reconstruction,  and  alluding  specially  to 
the  assistance  rendered  by  the  late  Sir 
Edward  Holden  in  connection  with 
financial  arrangements.  Reference  was 
made  to  the  acquiring  of  the  works  of 
Messrs.  Fraser  and  Chalmers  and  other 
important  engineering  projects.  We  are 
interested  to  observe  that  the  Company 
hopes  before  long  to  double  the  output 
of  electric  lamps,  as  new  buildings  for 
this  work  at  Hammersmith  are  approach- 
ing completion.  The  glass  works  at 
Leamington  have  also  been  largely  ex- 
tended. The  carbon  works  apparently 
again  present  a  difficult  problem  following 
the  slackening  of  war  requirements,  but 
an  interesting  development  has  been  the 
continued  progress  of  the  works  for  pro- 


ducing lamp-black,  which  is  needed  by 
various  industries. 

In  the  latter  part  of  his  address  Mr. 
Hirst  pointed  out  the  unfortunate  effects 
of  the  Excess  Profits  Tax,  which  allowed 
inadequate  funds  for  development  and 
interfered  with  many  steps  for  the  benefit 
of  employees.  He  concluded  by  empha- 
sising the  fact  that  the  key-note  of 
future  industrial  prosperity  lay  in  the 
improvement  of  present  inefficient 
methods  of  production  and  a  general 
reduction  in  the  cost  of  commodities. 
Therein  lay  the  safety  of  the  worker  as 
concerns,  continuity  of  employment  ;  for 
if  prices  soared  higher  and  higher  only 
the  few  could  buy,  and  the  world's 
demand  would  be  so  curtailed  that  there 
would  be  over-production. 


VICKERS,  LTD. 

Messrs.  Vickers,  Ltd.,  Broadway, 
London,  S.W.I,  inform  us  that  they  have 
opened  a  depot  for  Wales  and  the  South- 
West  of  England  at  43,  Park  Street, 
Bristol,  at  which  address  they  will  be 
glad  to  receive  inquiries  for  their  products. 
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TOUCHBUTTON  HOUSE. 
Exhibition  of  Magicoal  Fires  and  other 
Electrical  Apparatus. 
At  Touchbutton  House  (86,  Newman 
Street)  visitors  may  see  a  highly  interest- 
ing exhibition  of  special  electric  heating 
devices,  including  the  '"magicoal"  fires, 
devised  by  Mr.  H.  H.  Berry.  A  number 
of  representatives  of  the  Press  were 
recently  present  by  invitation  to  view 
the  exhibits.  Mr.  Berry,  in  a  short 
address,  remarked  that  the  use  of  coal 
appeared  to  have  originated  in  1256, 
when  Henry  III.  granted  a  charter  to 
the  inhabitants  of  Newcastle  to  dig  coal 
in  the  vicinity  of  that  town.  In  1306, 
however,  Parliament  passed  a  Bill  pro- 
hibiting the  use  of  coal  as  fuel  on  account 
of  its  alleged  noxious  fumes,  and  domestic 

Coal   was  not    used   in    London   until    1661. 

At  the  present  day  ur  air  less  con- 
cerned with  the  presumed  noxious  fumes, 

but  we  are  coming  to  recognise  the 
inherent  inefficiency  of  the  coal  fire,  as 
illustrated  in  the  recent  interim  report  of 
the  Ministry  of  Health's  Smoke  Abate- 
ment Committee.  The  affect  ion  for  the 
coal-fire  is  largely  due  to  the  pleasing 
appearance  of  the  dancing  flames  and 
glowing  coal.  Mr.  Berrj  has  accordingly 
sought  to  imitate  this  effect  in  the  electric 
magicoal  fire.  The  grate  is  Oiled  b.\  a 
mixture  of  crude  silicon,  resembling 
black  and  glowing  coal,  amidst  which 
heaters  and  lamps  are  mounted  to  give 
the  desired  Luminous  effect  :  further, 
ascending  currents  of  air.  agitating  small 
mica  vanes,  interrupt  the  light  in  such 
a  way  as  to  produce  the  effect  of  dancing 
flames.  The  material  occupying  the 
grate  and  producing  this  optical  illusion 
produces  only  about  one-tenth  of  the 
heat  ;  the  greater  part  is  commonly 
derived  from  electric  heaters  lei  into  the 
fireplace  in  front  of  the  grate,  and 
mounted  in  a  metal  framework  on  which 
water  can  be  boiled,  bread  toasted,  or 
dishes  kept  warm  if  desired.  It  is 
interesting  to  notice,  however,  that  Mr. 
Berry  is  applying  the  same  idea  to  gas 
and  petrol  air  gas  fires. 

At  the  exhibition  at  Touchbutton 
House  these  special  fires  have  been 
arranged  in  a  number  of  reconstructed 
famous  fireplaces  of  historic  interest, 
dating  from  different  periods,  and  many 
of  them  delightful  works  of  art.  In  the 
various  rooms  are  also  to  be  seen  panelling, 
tapestry  and  antique  furniture  of  great 
value.  Another  development  is  the  use 
of  braziers,  which  are  replicas  of  ancient 
designs,  carrying  the  luminous  fire  in  the 
bowl  and  electric  heaters  concealed  in 
the  base  of  the  pedestal. 


In  the  basement  demonstrations  are 
given  of  various  electrical  heating  and 
labour-saving  devices,  as  well  as  Mr. 
Berry's  system  of  central  heating,  to 
which  the  electrical  fires  described  above 
form  a  useful  addition. 

ALL-NITE-LITE  TRANSFORMERS. 

There  are  many  situations  where  very 
little  light  is  needed,  but  for  a  long  time, 
e.g.,  in  night  nurseries  or  passages, 
porches,  and  in  the  bedrooms  of  sick 
people  where  a  "  night-light,"  burning 
continuously  throughout  the  period  of 
darkness,  is  necessary.  Obviously  an 
ordinary  electric  incandescent  lamp, 
ruiming  direct  on  the  supply  voltage,  is 
wasteful  in  such  cases.  All  that  is  wanted 
i-  to  produce  a  dim  light,  but  sufficient 
to  enable  person-  to  make  their  way 
about  a  room  and  dissipate  the  complete 
darkness. 

For  such  purposes  the  B.T.H.  "  All- 
Nite-Lite  "  transformer  has  distinct  ad- 
vantages. It  consists  of  a  small  step 
transformer  equipped  at  one  end  with  a 
bayonet  adaptor  to  fit  an  ordinary  lamp- 
holder,  and  at  the  other  end  a.  miniature 
lamp-holder  to  take  a  6-volt  3  candle- 
power  lamp.  The  overall  length  is  only 
:»^,  ins.  Two  t\  pes  arc  available,  suitable 
respectively  for  use  on  a.c.  circuits  of 
from  100-150  or  200-250  volts.  At 
ordinary  supply  rates  it  is  calculated  that 
this  small  light  can  be  burned  for  from 
40-50  hours  at  a  cost  of  only  Id.  In 
addition  to  the  uses  indicated  above,  it 
is  suggested  that  such  miniature  lighting 
units  might  well  be  used  in  the  entrance 
hall,  not  only  as  a  convenience  to  late 
home-comers,  but  as  a  possible  deterrent 
to  burglars.  Even  in  the  winter  the  cost 
of  using  such  a  light,  burning,  say,  from 
bedtime  to  8  a.m.  in  the  morning,  would 
not  exceed  about  Id.  per  week. 

FALK,  STADELMANN    AND    CO.,  LTD. 

Annual  Staff  Outing. 
On  Saturday,  July  31st,  the  Head 
Office  of  Messrs.  Falk,  Stadelmann  and 
Co.,  Ltd.,  had  an  outing  to  Rye  House, 
Hertfordshire,  where  they  were  conveyed 
by  a  fleet  of  30  motor-buses  and  enter- 
tained by  the  Directors  to  dinner  and  tea. 
Mr.  Max  Falk,  replying  to  the  toast  of 
"  The  Firm,"  which  was  proposed  by 
Mr.  L.  J.  W.  Laidler,  recalled  that  the 
first  of  the  series  of  annual  outings  took 
place  some  thirty  years  ago,  when  the 
guests  numbered  30,  as  compared  with  680 
on  the  present  occasion.  The  day  was 
occupied  in  impromptu  sports,  boating, 
dancing,  etc.,  and  fortunately  the  weather 
was  fine. 
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EDITORIAL. 

Special   Problems   in   the  Lighting   of   Industrial    Machinery. 

The  introduction  of  powerful  and  efficient  types  of  lamps  has  had  a 
considerable  influence  on  Industrial  Lighting  during  recent  years.  Methods 
formerly  in  use  involved  rhe  suspension  at  regular  intervals  of  lights  of 
relatively  small  candlepower.  The  method  of  hanging  a  large  number 
of  lamps  at  a  low  level  has  the  drawback  that  it  prevents  the  manager 
having  a  clear  view  of  the  room,  and  there  is  also  the  difficulty  that  with 
metal  reflectors  the  upper  part  of  the  room  may  appear  unduly  dark. 
With  the  coming  of  more  powerful  sources  of  light  there  has  been  a  strong- 
tendency  towards  what  is  known  as  overhead  general  lighting.  The 
lamps  are  mounted  high  up  direct  on  the  ceiling  or  girders.  They  are  so 
placed  as  to  flood  the  room  evenly  with  light,  and  leave  a  clear  view  from 
end  to  end  of  the  workshop. 

There  are  many  operations,  particularly  those  comprising  fairlv  simple 
operations,  where  this  method  has  undeniable  advantages.  It  is  particularlv 
useful  when  operators  work  side  by  side  on  identical  operations,  all 
requiring  the  same  form  of  lighting.  It  has  also  the  advantage  that  positions 
of  benches  and  machines  can  be  altered  without  the  lighting  being  much 
changed.  It  must  not,  however,  be  assumed  that  the  method  has  a 
universal  application.  For  example,  experience  seems  to  show  that  when 
one  is  dealing  with  very  dark  materials,  and  according] v  exceptionallv 
high  illumination  is  needed  on  the  work,  some  form  of  supplementary  local 
lighting  is  necessary.  With  local  lighting  by  well-shaded  lamps  one  can 
bring  the  light  nearer  the  work  and  secure  the  required  illumination 
with  a  relatively  moderate  consumption  of  gas  or  electricitv.     Another 
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advantage  is  that  the  brightness  of  the  materials  worked  upon  can  be  made 
at  least  as  great,  or  possibly  greater,  than  that  of  the  surroundings,  thus 
making  it  easy  to  concentrate  attention  on  the  work.  On  the  other  hand 
if  a  room  is  flooded  with  light  the  surroundings  may  be  very  much  brighter 
than  the  material,  and  the  latter  therefore  appears  to  be  inadequately 
illuminated,  even  though  the  number  of  foot-candles  used  may  be 
considerable. 

Other  special  cases  arise  when  care  must  be  exercised  to  prevent  incon- 
venient reflections  off  the  polished  surfaces  of  working  material.  If  general 
lighting  is  adopted,  it  is  almost  impossible  to  avoid  some  of  the  light  being 
reflected  direct  into  the  eyes  of  the  workers,  rendering  it  difficult  for  them 
to  see  what  they  are  doing.  The  local  lights,  on  the  other  hand,  may  be 
so  adjusted  that  the  light  comes  from  the  proper  angle,  and  such  reflection 
is  avoided.  Moreover,  we  have  cases  where  the  direction  from  which  the 
light  comes  is  highly  important — for  example,  in  preventing  the  formation 
ol  inconvenient  shadows  from  fine  edges  of  tools,  or  projections  from  the 
material. 

There  are  also  processes  of  work,  where  light  coming  from  a  very 
oblique  angle  is  necessary  in  order  that  the  texture  of  the  material  may 
be  distinguished.  When  a  room  is  occupied  by  many  different  forms  of 
machinery  it  will  usually  be  found  that  some  degree  of  local  lighting 
suited  to  such  machine  is  necessarv  ;  but  in  all  such  cases  care  must  be 
taken  to  supplement  the  local  lights  by  moderate  general  illumination,  so 
as  to  prevent  excessive  contrasts. 

But  the  cases  in  which  general  lighting  proves  Least  effective  are 
probably  those  in  which  one  has  to  deal  with  closely-spaced,  highly-com- 
plicated machinery.  As  is  often  the  case,  for  example,  in  the  textile 
industry,  the  overhead  lights  may  effectively  illuminate  the  gangway 
and  the  upper  parts  of  the  machines,  but  projecting  parts  of  the  machine 
leave  other  really  essential  parts  in  more  or  less  dense  shadow  ;  it  wculd 
seem  that  in  these  cases  some  form  of  special  supplementary  lighting  at 
particular  points  must  be  provided. 

All  these  problems  require  to  be  carefully  worked  out  on  the  spot, 
when  one  can  study  the  machine  and  its  operation,  and  ascertain  the  needs 
of  the  worker.  Even  so  it  may  be  found  that  existing  procedure  in  the 
design  and  spacing  of  machinery  makes  it  extremely  difficult  to  provide 
the  ideal  form  of  lighting.  It  is  much  to  be  desired,  therefore,  that  the 
manufacturers  of  such  machinery  should  appreciate  the  fact  that  they  have 
to  be  used  by  artificial  light  as  well  as  by  daylight.  It  has  often  been 
asserted  that  a  building  should  be  specially  designed  to  enable  artificial 
lights  to  be  installed  at  convenient  points  ;  when  the  lighting  expert  is 
called  in  after  the  completion  of  the  building  he  is  greatly  handicapped  in 
his  task  of  providing  good  illumination.  This  is  exactly  what  occurs 
when  he  is  asked  to  illuminate  machinery  which  has  been  designed  and 
placed  in  such  a  way  as  to  make  the  artificial  lighting  an  exceedingly 
awkward  problem. 

In  many  cases  there  are  alternative  ways  of  designing  machinery, 
both  equally  good  so  far  as  their  technical  operation  is  concerned,  but 
very  different  as  regards  the  problem  of  illumination.  A  little  forethought 
would  make  a  great  difference  to  the  lighting  expert's  task.  As  a  result  of 
consultation  with  the  lighting  expert  he  could  often  arrange  to  incorporate 
in  the  design  sockets,  brackets,  etc.,  which  would  enable  the  ideal  condition 
of  lighting  to  be  obtained  quite  easily  and  render  the  manipulation  of  lamps 
and  lighting  accessoi ies  quite  safe  when  the  machinery  comes  into  actual  use. 
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Gaseous  Conductors  as  Sources  of  Light. 

While,  as  is  well  known,  the  great  majority  of  our  artificial  illuminants 
depend  on  the  emission  of  light  from  incandescent  solids,  great  in! 
attaches  to  the  group  depending  on  luminescing  gaseous  conductoi 
electricity.  Of  these  the  most  familiar  in  this  country  are  probably  the 
mercury  vapour  lamps,  while  flame  arc  lamps  also  depend  to  some  extent 
on  luminescing  metallic  vapours.  There  are,  however,  also  the  illuminants 
depending  on  the  use  of  the  permanent  gases  in  a  rarefied  state — a  branch 
of  work  which  is  mainly  identified  with  the  work  of  Mr.  D.  MacFarlan  Moore. 

In  this  issue  we  are  dealing  with  a  paper  by  Mr.  Moore  surveying  the 
whole  progress  of  development  in  this  field.  It  is  a  record  of  persevering 
effort  which  has  already  had  some  highly  interesting  results.  The  so-called 
Moore  system  of  lighting,  using  ramifications  of  tube  containing  such 
gases  as  nitrogen  or  carbon  dioxide,  gives  rise  to  a  pleasing  luminous  effect, 
the  mild  brilliancy  of  the  source  and  good  diffusion  of  light  being  particularly 
notable.  The  method,  however,  involves  the  use  of  high  pressures  amount- 
ing to  several  thousand  volts  obtained  by  the  use  of  transformers  on  an 
alternating  current  supply.  The  long  length  of  tube  is  not  always  con- 
venient, though  in  certain  special  cases,  notably  the  colour-matching, 
Cd  tubes,  very  compact  and  portable  units  have  been  designed. 

The  introduction  of  neon  gas,  which  luminesces  with  a  much  higher 
intrinsic  brilliancy,  permitted  the  use  of  relatively  short  lengths  of  tube, 
and  it  is  suggested  that  these  lamps  may  play  an  important  part  for 
advertising  and  spectacular  purposes.  The  colour  of  the  light,  a  vivid 
orange,  is,  however,  hardly  suitable  for  ordinary  purposes  of  illumination, 
although  there  may  be  special  cas-  -  £  luminous  signs  and  signals)  where 
it  is  actually  advantageous. 

After  tracing  these  various  developments,  Mr.  Moore  describes  the 
latest  advance,  which  may  have  interesting  applications,  namely,  the 
making  of  a  small  neon  vapour  lamp  which  requires  no  transformer  and 
can  be  inserted  into  an  ordinary  incandescent  lamp  socket  on  a  220  v. 
circuit.  The  light  is  a  soft  yellow  glow  appearing  at  the  negative  electrode, 
and  giving  a  light  of  about  one  candle.  The  consumption  of  the  experi- 
mental lamps  described  in  Mr.  Moore's  paper  is  at  present  high,  i.e.,  about 
15  watts  per  candle,  but  as  the  lamp  is  still  in  its  initial  stages  there  is  a 
good  prospect  of  improvement. 

An  efficient  form  of  lamp  of  this  kind,  capable  of  being  used  on  any 
ordinary  electric  supply  circuit  would  have  distinct  advantages.  For 
example,  in  fighting  passages,  for  "  night-lights,'-  etc.,  and  in  cases  where 
only  a  little  light  and  a  small  consumption  are  desirable. 

We  notice  that  in  Germany  neon  lamps  consuming  only  3  watl 
220  volts  are  now  being  produced  for  use  in  such  circumstances,  and  there 
has  also  been  further  progress  in  the  form  of  high  candlepower  neon  lamps 
suitable  for  advertising  work.  Developments  in  this  field  will  be  watched 
with  great  interest.  It  may  be  that  in  the  future  vapour  lamps  of  various 
kinds' employing  the  principle  of  luminescence  will  play  a  more  important 
part  than  at  present  in  illuminating  engineering. 
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The  Lighting  of  Squares  and  Public  Places. 

Nearly  two  years  have  elapsed  since  the  cessation  of  hostilities  and 
much  of  the  temporary  lighting  arrangements  occasioned  by  the  war  have 
given  place  to  normal  methods.  In  London,  at  all  events,  public  lighting 
has  returned  very  nearly  to  the  conditions  existing  before  the  war.  In 
commenting  on  this  subject  some  time  ago  we  expressed  the  hope  that 
authorities  would  not  be  content  to  return  to  the  identical  pre-w-ar  arrange- 
ments, but  would  take  the  opportunity  of  making  improvements.  At 
present  the  chief  changes  effected  relate  to  the  substitution  of  different 
lamps.  Gas-filled  incandescent  electric  lamps,  for  example,  have  been 
introduced  widely  in  place  of  the  old  arc  lamps.  We  are  glad  to  see  that 
in  a  number  of  cases  the  latest  forms  of  lanterns,  specially  designed  with 
a  view  to  the  proper  distribution  of  light,  have  also  been  installed.  In 
other  cases  the  new  lamps  have  at  present  been  inserted  in  existing  lanterns, 
doubtless  owing  to  limitations  of  expenditure  or  difficulty  in  securing  an 
adequate  supply  of  entirely  new  lighting  units.  In  such  circumstances  one 
cannot  expect  to  get  the  best  results,  and  much  of  the  advantage  of  the 
change  is  lost,  and  we,  therefore,  hope  that  such  emergency  methods  will 
give  place  to  more  scientific  ones  as  opportunity  affords. 

No  doubt  present  practice  is  often  dictated  by  economy  and  by  the 
necessity  of  making  an  immediate  improvement  in  the  lighting  conditions, 
without  waiting  for  the  new  designs  and  ideal  methods.  But  when  plans 
can  be  made  some  time  before  the  alterations  are  effected,  and  especially 
when  important  structural  changes  are  made  in  streets  and  squares,  the 
lighting  should  undergo  thorough  revision,  and  we  hope  that  this  will  be 
done  more  generally  as  soon  as  financial  considerations  permit. 

Such  an  opportunity  appears  to  be  afforded  by  the  scheme  for 
improving  the  prospect  through  the  Admiralty  Arch,  Trafalgar  Square,  which 
was  in  contemplation  before  the  war  and  is  now  being  carried  into  effect. 
The  plans  of  the  L.C.C.  will  secure,  what  has  previously  been  lacking,  a 
clear  view  through  The  Mall  to  the  Victoria  Monument  and  will  do  some- 
thing to  improve  the  symmetry  of  the  square.  We  are  glad  to  observe 
that  some  improvements  have  recently  been  made,  which  have  the  effect 
of  diminishing  the  disparity  which  formerly  existed  between  the  lighting 
of  the  upper  section  of  Whitehall  and  that  of  the  lower  portion  of  this 
important  thoroughfare.  There  seems  to  be  an  opening  for  some  form 
of  special  lighting,  possibly  by  concealed  methods,  of  the  Admiralty  Arch. 
This  would  guide  the  eye  towards  the  entrance  to  the  park  so  as  to  afford  a 
pleasing  prospect  by  artificial  light.  If,  in  addition,  concealed  lighting 
could  be  applied  to  reveal  the  white  surface  of  the  Victoria  Monument, 
this  would  provide,  what  is  at  present  lacking  at  night  time,  a  striking 
termination  at  the  distant  end  of  The  Mall. 

We  mention  this  as  one  typical  case  where  slight  adjustments  in 
lighting  would  make  a  great  difference  to  the  appearance  by  night  time. 
There  are  also  opportunities  for  more  spectacular  lighting,  not  necessarily 
involving  any  greater  expense,  at  the  Marble  Arch  gate.  The  erection  of 
the  permanent  Cenotaph  would  also  be  a  fit  subject  for  concealed  lighting. 
We  are  fully  aware  of  the  need  for  economy  in  lighting,  but  we  think  that 
in  such  a  case  as  this  the  small  expenditure  on  special  illumination  would  be 
amply  justified.  When  so  much  trouble  has  been  taken  in  the  design  of 
this  memento  it  should  surely  be  rendered  visible  by  night  as  well  as  by  day. 

L.  Gaster, 
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GASEOUS    CONDUCTION    LIGHT    FROM    LOW 
VOLTAGE    CIRCUITS.* 

By  D.  McFarlan  Moore. 


Light  can  be  produced  electrically  in 
various  ways,  i.e.,  by  agitating  either 
solids,  liquids  or  gases.  In  the  incan- 
descent lamp  a  solid  filament  is  the 
light-giving  medium,  but  many  lamps 
have  been  devised  in  which  gas  is  brought 
to  a  luminous  state  by  the  passage  of  an 
electric  current.  Natural  electric  lights 
of  this  description  are  the  aurora  and 
lighting.  In  1870  Hawksbee  produced 
light  by  gaseous  conduction  in  a  rotating 
glass  sphere.  Later  Geissler  operated 
small  tubes  from  an  induction  coil.  In 
1879  Crookes  modified  such  tubes  in 
various  ways,  obtaining  high  vacua,  and 
in  1891  Tesla  delivered  his  famous 
lectures  on  "  High  Voltage  and  High 
Frequency." 

The  writer  first  became  interested  in 
the  possibility  of  constructing  a  "  fila- 
mentless  "  lamp  in  1893,  and  during  the 
subsequent  26  years  this  idea  has  been 
steadily  pursued.  The  first  attempt  in 
1893  to  obtain  light  without  a  filament 
on  220  volts  was  unsuccessful  although 
all  known  gases  were  tried.  The  pre- 
diction was  then  made  that  progress 
would  only  result  through  the  discovery 
of  some  newA;;ases  whose  existence  was 
indicated  by^ gaps  in  the  table  of  the 
periodic  law  for  elements — a  prediction 
afterwards  verified  by  the  discovery 
and  use  of  neon  gas. 

In  1894  the  induction  coil  was  resorted 
to  in  order  to  obtain  a  high  voltage  dis- 
charge through  gaseous  mixtures,  and 
subsequently  the  vacuum  vibrator  on 
d.c.  Bulb  lamps  were  filled  with  the 
negative  glow  light.  In  1896  seven  feet 
vacuum  tubes  with  external  electrodes 
replaced  the  bulb  lamps.  The  method 
was  applied  to  the  meeting  hall  of. the 
A.I.E.E.,  and  afterwards  in  the  cele- 
brated   "  Moore   Chapel." 


*  Abstract     of     a     paper    read    before    the 
American  Institute  of  Electrical  Engineers. 


The  first  220  v.  d.c.  tubes,  stalled  from 
a  higher  potential,  were  next  made.  The 
anticipated  discovery  of  neon  was 
announced  in  1898.  but  even  samples  of 
it  were  then  impossible  to  obtain  in 
America.  The  other  rare  gases,  argon, 
helium,  etc.,  were  discovered  in  rapid 
succession. 

The  "  long  tubes  "  (about  100  feet) 
appeared  in  1902  and  were  improved  by 
the  substitution  of  internal  electrodes. 
In  1905  the  special  generator  hitherto 
employed  was  dispensed  with,  static 
transformers  incorporated  in  the  lighting 
system  being  used,  and  brilliant  effects 
were  obtained  by  the  use  of  nitrogen  gas. 
The  next  step  was  the  introduction  of  the 
electro-magnetic  feed-valve,  whereby  the 
life  of  the  tubes  was  raised  to  10,000 
hours.  The  long-tube  system  is  now  well 
known.  It  has  the  great  advantage  of 
generating  light  at  a  low  intrinsic  brilli- 
ancy, and  in  a  diffused  form.  In  1910-11 
long  tubes  in  the  form  of  portable 
artificial  daylight  windows  using  C02 
were  introduced,  and  in  1913-15  several 
types  of  small  tube  lamps  were  made  for 
colour-matching  purposes.  Simple  neon 
tubes  operated  from  transformers  were 
designed  and  made  in  many  varieties. 
Some  of  these  were  equipped  with  screw 
base  lamp  bases,  enabling  them  to  be 
screwed  into  any  ordinary  lamp  holder. 
Such  lamps  consume  13  watts  and  have 
been  run  without  change  for  10,000  hours. 
In  the  autumn  of  1916  there  was  exhi- 
bited the  first  portable  and  commercial 
neon  tube  outfit  of  high  intensity  and 
efficiency  operated  from  a  step-up  trans- 
former. The  tube  was  in  the  shape  of  a 
hair-pin  and  used  a  gas-column  101  in. 
long  and  I  §  in.  diam.  This  lamp 
had  a  specific  consumption  of  0-74 
watts  per  sph.  candlepower.  Even  this 
high  efficiency  may.  it  appears,  be  im- 
proved upon  by  using  purer  neon  gas 
(i.e.,    neon   gas   that   does    not   contain 
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25  per  cent,  of  helium  and  other  impuri- 
ties). Such  Lamps  have  considerable 
possibilities  for  advertising  and  specta- 
cular work  on  account  of  the  vivid  red 
coloui  of  the  Light. 

Various  alternating  current  lamps  were 
made  to  operate  on  220  volts  (alternating 
current)  without  any  transformer.  But 
they  needed  a  momentary  higher  voltage 
to  start  the  discharge  through  the  column 
of  gas.  The  length  of  gas  column  (about 
3  in.)  in  these  lamps  is  too  great  to 
permit  220  volts  to  start  the  discharge; 
but  it  can  be  maintained  on  this  voltage 
once  it  is  started. 

Interest  centres  chiefly  in  the  attempt 
to  produce  a  lamp  which  can  be  started 
on  low  voltages  on  cold  electrodes  and 
without  the  use  of  a  momentary  high 
potential.  The  lamp  is  still  in  the 
experimental  stage,  but  has  interesting 
possibilities,  as  it  Beems  likely  to  fulfil. 
ultimately,  the  ideal  of  a  gaseous  con- 
ductor lamp  without  auxiliaries  for  low 
voltage  circuits.  There  are  indications  that 
the  final  solution  of  the  problem  of  obtain- 
ing lamps  vastly  more  efficient  than  at 
present  available  lies  in  the  use  of  a 
gaseous  conductor  whereby  it  may  be 
possible  to  reduce  the  energy  required 
for  the  production  of  a  given  amount  of 
lighl  to  one-tenth  the  present  value. 

The  lamp  in  its  present  form  resembles 
an  incandescent  lamp  in  outward  form. 
Four  aluminium  electrodes,  each  6  in. 
long,  |  in.  wide,  and  ,',,  in.  thick,  are 
mounted  on  a  3  in.  straight-sided  bulb 
about  a  common  centre.  The  opacity 
of  the  solid  radiators  is  objectionable, 
and  yet  the  effect  of  a  solid  radiator  is 
approached  l>y  radiators  made  of  very 
small  meshed  netting.  An  effort  was 
made  in  designing  this  lamp  to  take 
advantage  of  every  factor  favourable  to 
minimum  voltage  so  that  it  would  operate 
on  220  volts  or  less.  The  required 
potential  is  least  for  the  negative  glow, 
and  all  the  light  from  this  form  of  lamp 
is  derived  from  this  region  of  the  dis- 
charge, not  from  the  positive  column 
as  in  all  the  long  tube  lamps. 

Hitherto  it  has  been  assumed  that  the 
Light  yielded  by  the  negative  glow  in  any 
vacuum  tube  discharge  is  so  small  as 
to  make  it  entirely  negligible.  An 
ordinary  long  tube  discharge  consists  of 
(a)  next  to  the  cathode  the  short  first 


dark  Bpace,  (1>)  the  short  and  not  bright 
negative  glow,  (c)  the  short  second  dark 
space,  and  (d)  the  long  brilliant  positive 
column  extending  to  the  anode.  But 
in  this  form  of  lamp  the  positive  column 
is  eliminated  and  practically  all  the  light 
comes  from  the  negative  glow,  which 
appears  in  the  form  of  a  "  velvety 
corona  of  yellowish  light  spread  over  the 
entire  surface  of  the  electrodes,  and  also 
a  uniform  radiation  throughout,  the 
entire  interior  of  the  bull*. 

On  220  v.  a.c.  circuits  the  lamp  takes 
from  the  line  about  0-11  amperes  and  21 
watts,  but  of  this  amount  3*6  watts 
at  :;.';  volts  is  consumed  in  an  ohmic 
resistance  about  1  in.  long  placed  in  the 
skirt  of  the  lamp  base.  The  finished 
Lamp  will  probably  require  no  material 
resistance,  though  at  present  such  a 
resistance  affords  a  convenient  method 
of  adjusting  the  total  watts  consumed. 
The  specific  efficiency  of  this  particular 
lamp  is  low.  It  consumes  17*4  watts  and 
gives  approximately  L*  16  mean  sph. 
candlepower,  thus  consuming  about  15 
watts  pei-  candle.  The  most  important 
problem  is  how  to  eliminate  the  emission 
of  heat  waves  and  improve  the  luminous 
efficiency.  If  t  he  Line  voltage  is  decreased 
to  about  135  volts  with  this  lam])  it  is 
suddenly  extinguished.  The  neon  used 
has  a  helium  content  of  25  per  cent.,  arid, 
when  sealed  off.  the  pressure  of  the  gas 
is  3'5  mm.  The  bulb-temperature  is 
about  W  C.  The  colour  of  the  light  is 
yellow. 

Important  factors  in  the  design  of  this 
lamp  are  : — 

(1)  The  attempt  to  usW  a  gaseous 
conductor  of   maximum   conductivity. 

(2)  Electrodes  that  are  subdivided  and 
of  as  large  a  total  area  as  possible. 

(3)  A  gas  column  (discharge  gap)  as 
short  at  possible. 

(4)  The  plane  of  the  electrodes  of 
opposite  polarity  placed  parallel  to  each 
other. 

(5)  The  length  of  the  radiator  elec- 
trodes greater  than  the  gas  column  and 
perpendicular  to  it. 

Cathodic   disintegration   is   practically 

nil  with  the  minimum  value  of  cathode 
fall.  It  is  greater  at  low  gas  pressures 
and   increases   with    the   square   of   the 
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curreut.  It  appears  to  be  due  largely 
to  occluded  gases,  especially  hydrogen. 
Such  gases  may  be  removed  by  heating 
the  electrodes.  Bulb  blackening  is  less 
with  aluminium  radiators  than  tungsten, 
nickel,  copper,  etc.  Iron  radiators  com- 
bined with  fluorescent  coatings  offer 
promise.  The  exceptional  luminous 
efficiency  of  neon  makes  it  unique,  as 
a  luminescing  medium,  and  it  is  an 
excellent  example  of  elective  emission. 
Its  great  scarcity  until  recently  made 
progress  difficult,  but  it  can  now  be  bought 
in  quantity  and  of  a  high  degree  of  purity. 
It  is  interesting  to  note  that  the  colour  of 
the  light  yielded  by  the  negative  glow  is 
distinctly  different  from  that  of  a  positive 
column.  The  former  has  a  light  so 
reddish  that  it  would  be  objectionable  for 
many  purposes,  but  the  negative  glow 
consists  of  yellow  light.  It  has  no  blue, 
violet  or  indigo  lines  and  few  infra-red 
rays.  It  is  four  times  better  as  a  light- 
producer  than  the  yellow  white  light  of 
helium  or  the  violet  of  xenon,  both  of 
which  emit  many  infra-red  rays. 


Some  of  the  chief  conclusions  that  may 
be  drawn  from  existing  results  are  as 
follows  : — 

(1)  The  efficiency  of  these  lamps  is 
about  the  same  whether  operating  on 
a.c.  or  d.c.  circuits. 

(2)  On  a.c.  circuits  the  efficiency  is  the 
same  over  a  wide  range  in  voltage. 

(3)  Efficiency  also  remains  the  same 
on  a.c.  circuits  for  a  wide  range  of  candle- 
powers. 

(4)  The  candlepower  (mean  spherical) 
varies  approximately  with  the  watts 
consumed  on  either  a.c.  or  d.c.  circuits. 

(5)  Lamps  having  reasonably  pure  neon 
are  not  so  efficient  as  those  in  which  gas 
impurities  make  the  colour  of  the  light 
whiter. 

(6)  The  performance  of  the  lamps  is  not 
sensibly  affected  by  wide  variations  in  the 
length  of  the  column  or  gap. 

(7)  The  same  lamp  equipped  with  the 
same  resistance  and  operating  at  the  same 
voltage  takes  a  considerably  higher  line 


Types  of  low  voltage  neon  "  negative-glow  "  lamps  suitable  for  use  direct  on  220  volts. 


Many  different  forms  of  lamps  of  this 
type  have  been  produced.  The  chief 
aim  must  be  to  produce  a  brighter  lamp. 
At  higher  voltages  the  production  of 
greater  candlepower  is  more  feasible,  and 
consequently  it  might  be  better  first  to 
develop  a  lain])  suitable  for  500  v. 
circuits. 


wattage  on  a.c.  than  d.c,  which  is  doubt- 
less due  to  the  light  radiating  area  being 
double. 

(8)  The   candlepower    is    greater   with 
radiators  of  large  area. 

(9)  The  power  factor  of  these  lamps  is 
about  85  per  cent. 
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THE    DEVELOPMENT    OF    LOW- 
VOLTAGE   NEON  LAMPS. 

As  a  supplement  to  Mr.  Mo 
historical  account  of  gaseous  conductors 
as  sources  of  light,  appearing  on  the 
previous  pages,  it  is  Interesting  to  note 
that  the  development  of  low-voltage 
ueon  lamps  in  Germany  appears  now 
to  have  reached  a  practical  stage.  In  a 
recent  issue  of  Licht  und  Larhpe  it  is 
stated  thai  these  220  voltage  neon 
"  glimmlampen  "  are  now  being  pro- 
duced to  consume  only  5  watts,  whereas 
the  lowest  consumption  attainable  with 
ordinary  tungsten  lamps  on  a  220  voltage 
Supply  circuit  is  li< »  watt-.  The  lamps 
lit  into  an  ordinary  lamp-socket,  and 
yield  a  "glimmer"  of  light,  which  is, 
however,  enough  for  certain  special 
purpose's  (night  lights,  pilot  lights, 
etc.). 

Special       interest        attache-       to       these 
lamps    on    account    of    the    possibility    of 

making  the  enclosing  glass  vessel  con- 
taining the  gas  assume  different  forms. 
For  example,  the  lamps  are  being 
designed  for  use  in  small  advertisement 
signs,  the  gaseous  column  of  each  lamp 
being  formed  in  the  shape  of  a  letter. 
It  is  hoped  that  in  such  cases  the 
ultimate  consumption  per  letter  will 
not  exceed  2   3  watts. 

Particulars  are  also  given  of  high 
candlepower  neon  lamps,  which  as  Mr. 
Moore  has  explained,  depend  on  a 
different  principle.  These  lamps  can 
be  connected  direct  to  a  220  voltage 
continuous  current  supply.  They  require 
a  steadying  series  resistance  and  a 
special  automatic  starting  device,  the 
latter  only  coining  into  operation  at  the 
moment  the  lamp  is  switched  on.  These 
accessories  are  enclosed  in  a  separate 
box.  The  standard  type  of  lamp  is 
stated  to  yield  400  candles  (Hefner) 
and  to  consume  0-5  watts  per  candle. 


RECENT  PROGRESS  IN  SEARCHLIGHT 
MECHANISMS. 

As  is  well  known  the  war  was  re- 
sponsible for  a  number  of  modifications 
in  the  design  of  searchlights,  particularly 
in  respect  of  the  observation  of  aircraft. 
In  Elektrotechnik  und  Maschineribau  A. 
Zimmerman  recently  described  some 
development-  in  connection  with  control 
from  a  distance.  It  is  now  generally 
recognised  that  the  observer  controlling 
a  searchlight  should  not  be  located 
beside  it.  as  in  this  case  his  view  of  the 
distant  illuminated  object  is  more  or 
less  blurred  by  the  intervening  luminous 
haze  of  the  beam.  The  observer  may 
take    up   a    more    distant    position    and 

Convey    orders    by    telephone;      but     there 

are  now  available  methods,  which  the 
author  describes,  enabling  the  observer 
himself  to  operate  the  movements  of 
tjie  projector  from  a  distant  observation- 
station. 

As  regards  searchlights  for  aircraft 
work  a  uotable  step  has  1 n  the  re- 
arrangement of  the  apparatus  swinging 
the  barrel.  Formerly  the  usual  control 
enabled  an  upward  lift  of  the  beam  of 
60°  and  a  depression  below  the  horizontal 
of  -".ii  .  combined  with  a  rotation  about 
a  vertical  axis  of  approximately  360  , 
This  obviously  left  an  upper  region  of 
30°  on  either  side  of  the  vertical  which 
cannot  be  reached  by  the  beam.  Nowa- 
days the  complete  ISO0  above  the 
horizontal  can  be  covered,  thus  enabling 
the  beam  to  be  directed  on  any  object 
in  the  sky. 

Another  way  in  which  this  vertical 
inclination  of  the  beam  can  be  attained 
is  by  the  use  of  an  inclined  mirror,  which 
is  manipulated  instead  of  the  barrel. 
This  device  appears  to  have  been 
superseded  by  the  motion  of  the  barrel 
for  land  work.  The  author,  however, 
describes  a  method  of  applying  the 
inclined  minor  to  ships.  The  searchlight 
is  mounted  in  the  base  of  a  hollow  mast. 
A  controllable  inclined  mirror  is  located 
at  the  top  of  the  mast  so  as  to  reflect  the 
beam,  directed  vertically  upwards,  at 
any  convenient  angle. 
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MEASUREMENTS  OF   GLARE. 

The  problem  of  devising  an  apparatus 
for  measuring  "  glare "  produced  by 
sources  of  light  has  often  been  discussed. 
One  difficulty  involved  is  the  discrimina- 
tion between  several  different  effects, 
commonly  classed  under  the  heading  of 
"  glare  "■ — for  example,  there  is  the  sense 
of  discomfort,  the  tendency  to  make  it 
difficult  to  see  things  and  the  after-effects 
of  glare,  which  may  not  be  exactly  the 
same  thing.  In  any  case  it  is  clearly  diffi- 
cult to  measure  physiological  sensation  by 
any  form  of  physical  instrument  and  the 
measuring  device  should  be  based  on  the 
actual  impression  of  the  eye. 

In  a  paper  before  the  Illuminating 
Engineering  Society  (U.S.A.),  Mr.  Ward. 
Harrison  recently  described  some  simple 
tests  on  glare.  The  apparatus  consisted 
of  two  adjacent  boxes  with  black  in- 
teriors. One  of  these  was  occupied  by 
the  source  to  be  studied,  the  other  by  a 
ground  glass  disc,  the  back  of  which 
could  be  lighted  by  a  series  of  lamps, 
controlled  by  a  rheostat.  The  observer 
was  asked  to  adjust  the  resistance  until 
the  disc  appeared  to  produce  the  same 
impression  of  glare  as  the  source  examined. 

On  the  wffiole  the  judgments  of  ob- 
servers seem  to  have  agreed  well,  and  it 
was  found  possible  to  group  the  source 
studied  in  four  classes  regarded  as  good, 
passable,  just  passable,  and  intolerable 
(i.e.,  unsuited  for  general  use).  The 
results,  however,  did  not  entirely*  con- 
firm anticipations.  For  example,  a  clear 
bulb  100  candlepower  gas-filled  lamp  was 
not  considered  as  objectionable  as  a  lamp 
of  double  the  candlepower  in  an  opalised 
globe,  although  the  intrinsic  brilliancy  of 
the  latter  was  very  much  less. 

It  is  generally  agreed  that  glare  is 
influenced  by  three  main  factors,  namely 
(1)  the  intrinsic  brilliancy,  (2)  the  total 
flux  of  light  directed  to  the  eye,  and  (3) 
the  degree  of  contrast  between  the  source 
and  its  background.  It  is  worthy  of  note 
that   enough   light   was   allotted   to   the 


interior  of  the  box  to  give  a  background 
with  a  brightness  of  0-6  niillilambert 
(0-5  apparent  lumens  per  sq.  ft.)  in  each 
case.  Possibly  with  a  completely  dark 
background  the  judgment  might  have 
been  different.  No  doubt  the  distance 
from  which  the  source  is  viewed  is  also 
an  important  factor.  So  far  as  they  go, 
however,  the  tests  suggest  that  the  total 
flux  of  light  entering  the  eye  is  at  least  as 
important  as  brightness.  It  is  suggested 
as  a  criterion  of  glare  for  bare  lamps 
viewed  at  a  considerable  distance  that 
it  is  more  reasonable  to  specify  tendency 
to  produce  glare  in  terms  of  the  total 
light  emitted  from  an  area  of,  say,  one 
square  inch,  rather  than  in  absolute 
brightness. 


THE  PROTECTION  OF   THE   EYE   IN 
WELDING  OPERATIONS. 

In  a  paper  read  at  a  recent  meeting  of  the 
British  Acetylene  and  Welding  Associa- 
tion, Mr.  R.  R.  Butlergives  aninteresting 
survey  of  available  information  on  the 
nature  of  the  injuries  caused  to  eyes  in 
welding  operations,  and  an  analysis  of 
the  various  kinds  of  glasses  used  for  pro- 
tective purposes.  He  points  out  the 
importance  of  this  matter  to  the  employer 
as  well  as  the  welder.  Apart  from  severe 
inflammation  of  the  eyes,  there  is  a  species 
of  "  dry-eyed  cloudiness  "  experienced  at 
the  end  of  a  long  day's  labour  which 
indicates  fatigue  and  may  occasion  bad 
wrork.  Many  types  of  protective  glasses 
are  available,  but  there  is  no  official 
publication  in  this  country,  equivalent 
for  example  to  the  bulletin  issued  by  the 
Bureau  of  Standards  in  the  United 
States,  giving  details  of  the  merits  of  these 
varieties.  The  relatively  high  cost  of 
manufacture  of  useful  protective  optical 
glasses  is  apt  to  influence  purchasers 
unduly,  and  there  is  a  danger  that  cheaper 
varieties,  affording  more  or  less  inadequate 
protection,  may  be  selected. 

It  is  accordingly  suggested  that  the 
British  Acetylene  and  Welding  Associa- 
tion should  make  itself  responsible  for 
the  issue  of  some  form  of  certificate 
which  would  furnish  a  guarantee  that 
the  glasses  to  which  it  applied  did  convey 
adequate   protection. 
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GAS-FILLED    LAMPS    WITH    WHITE 
GLASS  BULBS. 

At  the  opening  meeting  of  the  Illuminat- 
ing Engineering  Society  last  year  Mr. 
J.  W.  Elliott  exhibited  a  type  of  half- 
watt  lamp,  the  bulb  of  which  was  made 
entirely  of  white  or  opal  glass,  thus  com- 
pletely obscuring  the  filament,  and  giving 
rise  to  a  soft  and  pleasing  light. 

In  the  General  Kit  vine  Review  (I'.K.A.) 
Mr.  E.  A.  Anderson  gives  some  particu- 
lars of  lamps  of  this  kind  developed  in  the 
United  States.  The  "  White  Mazda 
Lamp  "  is  made  in  the  50-watt  size,  and 
has  an  output  of  approximately  450 
lumens.  A  feature  of  the  new  lamp  is 
the  absence  of  any  tip,  which  results  in 
an  appreciable  reduction  in  lamp  break- 
age, and  gives  a  conveniently  smooth 
surface.  Frosting  the  bulb  has  been 
recommended  in  the  past  as  a  means  of 
reducing  the  brightness  of  gas-filled 
lamps,  but  this  has  the  drawback  that 
such  bulbs  tend  to  collect  dust  and  dirt 
more  quickly  than  the  clear  bulbs,  and 
are  more  difficult  to  clean.  The  smooth 
white  glass  surface  does  not  collect  the 
dust  in  this  way. 

It  is  stated  that  the  brightness  of  the 
bulb  is  about  13  candlepower  per  square 
inch  at  the  brightest  point,  which  is  of 
course  a  relatively  low  intrinsic  brilliancy. 
The  distribution  curves  of  such  lamps 
show,  as  might  be  expected,  a  greater 
end-on  candlepower  than  i^  the  case  for 
clear  bulb  lamps. 

COMPABATTVE    DATA   ON   LlGHT   OUTPUT. 


Trpe  of  Unit  Tested 

Output    in    per 
cent,    of    Bare 

Lamp  <  >utput. 

Mazda 
"  B." 

White 

Mafcda. 

<  rlass   bowl,   Pi"  iliaill. 
Glass  bowl,  7"  diam. 
Enclosing  unit 
Enamelled-steel  bowl 

85-4 

84 -S 
77-5 
60-5 

87-6 
861 
76-4 
61-3 

The  accompanying  table  shows  the 
results  obtained  with  various  types  of 
reflectors.  It  will  be  observed  that 
the  loss  of  lights'  is  not  of  great  conse- 


quence, taking  into  account  the  com- 
pensating advantages  of  diminished  glare 
and  better  distribution  of  light  below  the 
horizontal. 


OPPORTUNITIES  FOR  THE  ILLUMIN- 
ATING ENGINEER  IN  THE 
CINEMATOGRAPH  INDUSTRY. 

In  view  of  the  reference  made  by  Captain 
Barber  to  this  subject  in  his  recent  paper,* 
it  is  of  interest  to  note  that  Mr.  E.  L. 
Bragdon,  in  a  paper  before  the  Illumin- 
ating Engineering  Society  in  the  United 
States,  has  likewise  emphasised  the  need 
for  the  illuminating  engineer  in  cinema 
work.  The  two  chief  fields  for  his  in- 
genuityappear  to  be  in  arranging  lighting 
for  the  auditorium  and  in  the  design  of 
the  projecting  system.  The  artificial 
lighting  of  many  of  the  smaller  theatres 
is  considered  very  bad.  Success  is 
attained  by  co-operation  between  the 
lighting  expert  and  the  architect,  who 
too  often  installs  some  form  of  moulding 
or  decoration  at  the  very  point  where 
an  indirect  unit  should  be  mounted,  or 
makes  use  of  bracket  lights  at  the  sides 
when  concealed  lamps  in  niches  would 
give  a  much  better  effect.  Three  rules 
in  arranging  the  lighting  are :  (1)  Keep  as 
much  light  as  possible  away  from  the 
screen.  (2)  present  as  little  contrast  as 
possible  to  the  eyes  of  the  audience  when 
viewing  the  picture,  and  (3)  make  the 
transition  from  sunlight  or  outside  arti- 
ficial light  to  the  theatre  as  gradual  as 
possible.  The  illumination  in  a  theatre 
should  be  greatest  at  the  back  and  gradu- 
ally diminish  as  one  approaches  the 
screen. 

As  regards  projectors,  it  is  pointed  out 
that  in  general  25  per  cent,  of  light  reaches 
the  condenser,  80  per  cent,  reaches  the 
film,  and  75  per  cent,  reaches  the  shutter, 
which  again  diminishes  the  light  by  50 
per  cent.  Consequently  only  08  per 
cent,  of  the  original  light  is  actually  used 
on  the  screen.  In  the  author's  words, 
"  there  are  too  many  middlemen  and  each 
is  a  profiteer."  Here,  therefore,  is  a 
fine  field  for  the  services  of  the  illumin- 
ating engineer. 

*  Ilium.  Engineer,  June,  1920,  p.  183. 
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THE  REORGANISATION  OF  NELA 
RESEARCH  LABORATORIES 
(CLEVELAND,  OHIO,  U.S.A.). 


Dr.  Ernest  Fox  Nichols  goes  to 
Nela  Park. 

Nela  Research  Laboratory  was  organised 
in  1908  under  the  Directorship  of  Dr. 
Edward  P.  Hyde  as  The  Physical 
Laboratory  of  the  National  Electric  Lamp 
Association.  The  name  was  changed  to 
Nela  Research  Laboratory  in  1913,  when 
the  National  Electric  Lamp  Association 
became  the  National  Lamp  Works  of 
General  Electric  Company.  For  some 
years  the  Laboratory  was  devoted  ex- 
clusively to  the  development  of  those 
sciences  on  which  the  art  of  lighting  has 
its  foundation,  but  in  1914  the  functions 
of  the  Laboratory  were  extended  by  the 
addition  of  a  small  section  of  Applied 
Science,  which  had  an  immediate  practical 
objective. 

The  Section  of  Applied  Science  is  now 
being  largely  extended  as  a  separate 
Laboratory  of  Applied  Science  under  the 
immediate  direction  of  Mr.  M.  Luckiesh 
who  becomes  Director  of  Applied  Science, 
and  a  new  building  is  being  constructed 
to  house  this  branch  of  the  work,  which 
will  be  carried  forward  with  a  staff  of 
several  physicists,  an  engineer,  an  archi- 
tect, and  a  designer,  together  with  the 
necessary  technical  and  clerical  assistants. 

Dr.  Ernest  Fox  Nichols,  formerly 
President  of  Dartmouth  College,  and 
more  recently  Professor  of  Physics  at 
Yale  University,  has  accepted  an  invita- 
tion to  assume  the  immediate  direction  of 
the  Laboratory  of  Pure  Science,  under 
the  title  of  Director  of  Pure  Science.  The 
work  of  this  Laboratory,  which  will  be 
continued  in  the  present  building,  will  be 
somewhat  further  extended  under  the 
new  organisation. 

The  Laboratory  of  Pure  Science  and  the 
Laboratory  of  Applied  Science  will 
together  constitute  the  Nela  Research 
Laboratories,  and  will  be  co-ordinated 
under  the  general  direction  of  Dr.  Hyde, 
who  becomes  Director  of  Research. 


RELATION  OF  COST  OF  LIGHTING  TO 
COST  OF  LABOUR. 

It  is  generally  understood  that  the  cost  of 
lighting  only  forms  a  small  proportion, 
frequently  about  1  per  cent.,  of  the 
wages  bill,  and  some  confirmatory  data 
on  this  point  has  recently  been  published 
by  the  National  Mazda  Lamp  Co.  in 
the  U.S.A. 

An  analysis  is  made  of  a  plant  em- 
ploying 100  men,  and  lighted  by  100 
200-watt  tungsten  lamps.  It  is  shown 
that  the  total  operating  cost  was  1,773 
dollars,  of  which  the  cost  of  energy 
amounted  to  1,200  dollars,  the  main- 
tenance charges  to  290  dollars,  and 
interest  and  depreciation  on  lighting 
equipment  to  282  dollars. 

On  the  other  hand,  the  wages  of  100 
men,  for  50  weeks,  at  25  dollars  per  week, 
amounted  to  125,000  dollars  per  annum. 

The  cost  of  lighting  thus  formed  only 
1-41  per  cent,  of  the  wages  bill.  It  is 
also  stated  that  in  this  factory  increases  in 
lighting  equivalent  1  to  5  per  cent,  of  the 
cost  of  wages  increased  production  from 
8  to  35  per  cent. 


ILLUMINATING  THE  INTERIOR  OF  A 
GAS  MAIN. 

We  notice  that  the  Gas  Journal  refers 
to  a  suggested  method  of  examining  the 
interior  of  a  gas  main  by  the  aid  of  a 
small  electric  bulb,  connected  to  a  dry 
battery,  and  sea  led  into  the  main.  When 
the  light  is  turned  on,  the  interior  of  the 
main  becomes  clearly  illuminated,  and  it 
is  possible  to  inspect  the  main  at  inter- 
vals without  any  escape  of  gas,  and 
observe  when  naphthalene  is  collecting. 
We  have  thus  one  more  instance  of  one 
method  of  lighting  proving  useful  in  the 
technicalities  of  a  rival  system. 


■>:>,: 


THE    ILLUMINATING    ENGINEER  (aug.   1920) 


ILLUMINATING   ENGINEERING 
SOCIETY  (U.S.A.). 

Fourteenth  Annual  Convention. 

The  fourteenth  Annual  Convention  of 
the  Illuminating  Engineering  Society 
in  the  United  Slates  is  to  be  held  in 
Cleveland,  Ohio,  during  October  4th — 7th 
in  this  year.  The  proceedings  will  be 
opened  by  an  address  by  the  President 
Mr.  8.  E.  Doane,  and  the  usual  Report 
on  Progress  will  be  presented.     A  report 

is  also  to   he  issued    by  the  ( 'oiinnit  1  ee  on 

Automobile  Headlight  Specifications,  the 
Committee  on  Education,  and  the  Com- 
mittee on  Reciprocal  Relations  with 
other  bodies. 

The    following    series    of     papers    is 
announced  : — 
"A    Survey    ol    Voltage    Conditions    in 

Automobile," by  II.  II.  Magdsickand 

Howard  Karg. 

Modified  Views  on  the  Theorv  of  Light," 
by  E.  F.  Nichols. 

"Some  Applications  of  the  Photoelectric 
Cell,-  by  W.  E.  Story,  Jr. 

Knowns  and   Unknowns  of  Light  Pro- 
duction," by  (1.  M.  .1.  Mackay. 

"Optical  Principles  in  Illuminating  En- 
gineering." by  P.  G.  Nutting. 

"Measurement    of.    Reflection    Factors," 

by  C.  II.  Sharp  and  W.  F.  Little. 

A    Simple    Portable    Reflectometer   of 

the  Absolute  Type,"  by  A.  H.  Taylor. 

Home        and        Industrial        Lighting 
Demonstrations,  etc.,"  at  Nela  Park. 

"Central  Station  Methods  for  Securing 
High  Lighting  Standards  in  Stores 
and  Homes,'*  by  0.  R.  Hogue,  J.  J. 
Kirk  and   E.  1).  Tillson. 

"  Pleasing  Proportions  of  Direct  and 
Diffused  Light,"  by  J.  R.  Cravath. 

"  The  Problem  of  Brightness,''  by  Basset t 
Jones. 

'"  Some  Out-of-the-Ordinary  Applications 
in  Mill  Work,"  by  S.  G.  Hibben. 

"  An  Improved  Method  for  the  Illumina- 
tion of  Motion  Picture  Theatres."  by 
L.  A.  Jones. 


"  Recent  Applications  of  Colour  in  Light- 
ing." by  A.  D.  Curtis  and  J.  L.  Stair. 

"The  High  Cost  of  Poor  Lighting,"  by 
R.  E.  Simpson. 

"  A  New  Form  of  Light  Meter."  by 
Davis  Tuck. 

"  Further  Statistics  on  Street  Accident-." 
by  Ward  Harrison. 

"Central  Station  Experience  in  the 
Improvement  of  Factory  Lighting," 
by  .1.   B.  Wilson. 

"*  Lighting  of  Show  Factories,"  by  A.  L. 
Powell  and  J.  H.  Kurlander. 

Finally  an  address  will  be  delivered 
by  the  President -Elect,  Gen.  G.  H. 
Harries,  who  will  also  preside  over  a 
joint  meeting  with  the  Electrical  League 
of  Cleveland  and  the  Cleveland  En- 
gineering Society. 


THE  GAS  REGULATION  ACT. 

In  a  paper  read  before  the  North  British 
Association,  Mr.  S.  B.  Langlands  recently 
discussed  the  new  'v  Gas  Regulation  Act." 
which  is  of  considerable  interest  to 
lighting  engineers.  The  Act  gives  power 
to  the  Board  of  Trade  to  alter  or  modify 
the  maximum  juice  of  gas,  and  the  use  of 
the  word  "  therm  "  as  a  unit  of  charge 
occurs  for  the  first  time.  Mr.  Langlands 
discusses  methods  of  presenting  charges 
and  explaining  the  new  basis  of  rendering 
accounts  to  consumers,  and  he  also  deals 
with  the  important  point  regarding 
alterations  and  adjustments  of  burners 
being  made  by  gas  companies  at  their 
own  expense.  The  question  arises 
whether  charges  will  still  be  made  on  the 
basis  of  cubic  feet,  the  declared  calorific 
power  and  minimum  permissible  pressure 
being  marked  on  the  form  ;  to  render 
accounts  in  therms  would,  it  is  suggested, 
mean  much  extra  clerical  work.  The 
price  per  therm  must  be  set  forth,  but 
presumably  consumers  would  make  their 
own  calculation  of  the  value  in  therms 
received. 

In  the  discussion,  Mr.  Samuel  Glover 
remarked  that  it  was  satisfactory  that 
the  industry  had  been  consulted  before 
the  regulations  were  framed.  He  be- 
lieved the  Act  would  allow  considerable 
freedom  to  the  industry,  and  permit  its 
progressive  development. 
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THE  "  ARTIFICIAL  SKY  "  METHOD  OF 
STAGE  LIGHTING. 

Readers  will  recall  that  in  a  paper 
read  before  the  illuminating  Engineering 
Society  last  year  Mr.  J.  B.  Fagan  spoke 
with  approval  ot  the  Fortnny  system 
of  stage  lighting,  involving  the  use  of  an 
"artificial  firmament'*  as  the  source 
of  light  for  the  stage.  According  to 
this  method  the  illumination  is  entirely 
•indirect,  light  being  reflected  off  a 
dome-like  diffusing  surface,  the  colour 
of  which  can  be  varied  so  as  to  produce 
delicate  transitions  in  the  colour  of  the 
reflected  light.  The  method  in  fact 
aims  at  approaching  the  conditions  of 
natural  lighting  where  light  is  derived 
from  a  more  or  less  cloudy  sky. 

We  notice  that  this  idea  has  been 
applied,  apparently  in  a  very  complete 
form,  in  the  new  Grosse  Theatre  in 
Berlin,  a  description  of  which  has 
appeared  in  the  A. E.G.  Mitteilungen. 
This  theatre  is  the  redecorated  building 
of  the  old  Schumann  circus,  adapted  to 
suit  Beinhardt's  productions.  Bernhardt 's 
idea,  it  is  stated,  is  to  combine  the 
essential  structure  of  the  ancient  stage 
(where  the  present  strict  division  between 
tin-  stage  and  the  audience  did  not  exist) 
with  the  latest  appliances  of  theatrical 
art.  A  feature  in  the  Grosse  Theatre 
is  the  large  foreground  space  in  front 
of  the  stage,  formerly  the  old  circus 
amphitheatre,  which  plays  a  useful  part 
in  scenic  production.  The  lighting  of  the 
theatre  is  entirely  by  concealed  methods, 
the  stage  and  the  foreground  receiving 
illumination  mainly  from  a  large  cupola, 
the  interior  of  which  is  lighted  by  500-watt 
lamps  in  46  reflectors  of  a  special' type, 
spaced    round    its    rim    and    concealed 


from  the  audience.  Importance  is 
attached  to  the  design  of  these  reflectors, 

which  concentrate  the  rays  into  a  cone, 
at  the  apex  of  which  coloured  or  diffusing 
glass  discs'  can  be  inserted.  As  an 
additional  device  to  suggest  the  sky- 
effect  constellations  of  stars,  worked  out 
by  small  visible  glow  lamps,  are  repro- 
duced on  the  inner  surface  of  the  dome. 

Similar  methods  are  utilised  for  the 
general  lighting  of  the  auditorium, 
passages,  foyer,  etc.  The  illumination 
in  these  areas  appears  to  be  of  the  order 
of  1-3  foot-candles. 


TESTS    OF    HALF-WATT    LAMPS. 

In  view  of  the  meagre  data  at  present 
available  for  the  life  of  gas-filled  ("'  half- 
watt  ")  lamps  of  the  smaller  sizes  some 
experience  tests  recorded  in  a  recent 
issue  of  the  Elektrotechnische  Zeitschrift 
are  of  interest.  The  tests  were  made 
on  a  number  of  40  watt  lamps  of  the 
110  voltage  and  120  voltage  types.  Con- 
siderable differences  in  the  performance 
of  different  makes  of  lamps  is  reported. 
In  one  batch  of  lamps  there  was  a 
tendency  for  lamps  to  explode  suddenly 
in  the "  early  part  of  their  life,  due 
apparently  to  a  change  in  the  gaseous 
contents  which  became  ignited.  Of  these 
lamps  30  out  of  100  gave  way  within 
1,000  hours,  whereas  of  another  batch 
only  one  lamp  failed.  Moreover  the 
shattering  of  an  adjacent  lamp  seemed  to 
cause  others  to  do  the  same.  Over- 
running had  little  effect  in  causing  such 
failures. 

Asillust  rat  ing  I  lie  effect  of  over-running 
on  the  life  of  lamps  the  following  data  a  re 
of  interest  : — 


Per  cent. 
Voltage.  increase  of 

voltage. 


Useful  life. 


I'd   cent,    diminution  in 
useful    life. 


Make  "A."'         Make  "  B."         Make  "  A.'  Make  "  B." 


Hours. 

Hours. 

220 

— 

1,495 

2.0SO 

235 

+    6-8% 

713 

1,076 

523 

250 

+  13-6% 

480 

(120 

lis 

300 

H-36-4% 

31 

41 

98 

498% 

70-3% 

us    % 
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THE  ARTISTIC  ASPECTS  OF  DOMESTIC 
LIGHTING. 

In  a  lecture  entitled  "  Lighting  and  the 
Householder,"  delivered  for  the  National 
Electric  Light  Association  at  California 
this  summer,  Mr.  M.  Luckiesh  remarked 
that  the  artistic  aspects  of  domestic 
lighting  rarely  received  sufficient  atten- 
tion. In  general  the  consumer  is  ap- 
proached  on  the  utilitarian  basis.  Yet 
as  a  matter  of  fact  the  ordinary  house- 
holder spends  much  more  in  attempts  to 
beautify  his  surroundings  than  is  neces- 
sary from  a  purely  utilitarian  point  of 
view  ;  for  example,  he  will  make  con- 
siderable efforts  to  secure  good  furniture, 
beautiful  carpets,  and  tasteful  wall 
papers,  but,  as  a  rule,  the  corresponding 
possibilities  of  lighting  in  a  decorative 
sense  are  not  pointed  out  to  him. 

The  need  for  the  "  Illuminating  En- 
gineer "  is  constantly  emphasised.  But 
Mr.  Luckiesh  contends  that  there  is  also 
a  need  for  what  may  be  termed  the 
"Lighting  Artist."  The  decorator  ob- 
tains his  effects  by  reflected  light.  The 
Lighting  Artist  would  deal  with  the  direct 
light  from  the  source  as  his  medium. 

In  bringing  this  point  of  view  before 
the  consumer,  demonstrations  are  essen- 
tial.  Lighting  effects  must  be  shown  to 
the  householder,  they  cannot  be  ade- 
quately described.  A  show-room  should 
not  consist  merely  in  the  display  of  a 
multitude  of  fittings.  There  should  be 
special  demonstration  rooms,  wherein 
alternative,  methods  of  lighting  can  be 
demonstrated. 

In  his  lecture,  Mr.  Luckiesh  describes 
a  room  of  this  kind,  showing  how  the 
greatest  possible  variety  in  conditions  of 
illumination  can  be  obtained  by  com- 
I 'i nations  in  direct  and  indirect  lighting. 
cove  lighting,  etc. 

Dealing  with  the  lighting  of  the  chief 
rooms  of  a  house,  Mr.  Luckiesh  remarked 
that  the  inverted  bowl  is  quite  useful  to 
provide  a  general  subdued  lighting  in  the 
dining-room,  if  special  illumination  is 
allotted    to    the    table.     One    interesting- 


special  fitting  described  utilises  a  form  of 
bowl  which  appears  a  warm  yellow  tint 
by  transmitted  light,  but  carries  inside 
it  a  lamp  with  a  blue  glass  bowl,  suitable 
for  producing  "  artificial  daylight."  In 
this  way  the  colours  of  objects  on  the 
table  are  correctly  revealed,  but  a 
pleasing  contrast  is  made  by  the  warm 
coloured  light  penetrating  the  sides  of 
the  bowl,  and  illuminating  the  outskirts 
of  the  room. 

Novel  effects  in  coloured  lights  may  be 
obtained  by  means  of  lamps  concealed  in 
wall  boxes,  or  in  a  cove  running  round  the 
loom.  If  two  circuits  provided  with  blue 
and  yellow  orange  lamps  respectively  are 
installed,  either  of  these  tints  or  a  com- 
bination of  them  can  be  used,  as  a  variant 
to  the  ordinary  lighting. 

The  idea  is  that  the  householder  should 
be  taught  to  appreciate  the  possibilities 
of  lighting  as  a  decorative  element  and 
that  there  should  be  considerable 
potentialities  for  variation,  while  the  main 
principle  determining  the  lighting  of  the 
chief  rooms  in  a  house  from  the  practical 
standpoint  should  be  complied  with, 
there  is  scope  for  ingenuity  in  devising 
st  liking  effects — especially  for  use  on 
festive  occasions  when  there  is  company 
and  it  is  desired  to  make  the  rooms 
interesting  and  attractive. 


A  SELF-CLEANING  LIGHTING 
FIXTURE. 

Tx  a  recent  issue  of  the  Electrical  World 
an  account  was  given  of  a  Self-Cleaning 
Lighting  Fixture,  introduced  by  a  firm 
in  Chicago,  under  the  name  of  the  "'  Clean- 
Pull  "  unit. 

The  fixture  consists  of  a  reflector,  a 
pull  switch,  a  cord  and  a  cleaning  device 
consisting  of  two  wiping  blades.  Every 
time  the  cord  is  pulled  to  operate  the 
switch  it  simultaneously  brings  the  two 
wiping  blades  into  action.  Each  blade 
makes  a  complete  revolution,  one  against 
the  reflecting  surface  of  the  reflector,  and 
the  other  against  the  lamp  bulb.  In  this 
way  the  dirt  is  swept  off  both  lamp  and 
reflector.  The  fixture  is  made  to  take 
300- watt  to  500-watt  lamps,  and  is  sent 
out  completely  wired  and  assembled  so 
that  any  maintenance  man  may  erect  the 
unit  on  existins;  outlets. 
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DEPARTMENT     OF     SCIENTIFIC     AND 
INDUSTRIAL    RESEARCH. 

Professor  John  Bretland  Fanner,  D.Sc, 
M.A.,  F.R.S.,  Imperial  College  of  Science 
and  Technology,  has  been  appointed  by 
an  Order  of  Council  dated  the  28th  day 
of  August,  1920,  to  be  a  member  of  the 
Advisory  Council  to  the  Committee  of  the 
Privy  Council  for  Scientific  and  Industrial 
Research. 


We  understand  that  H.M.  Stationery 
Office  have  published  for  the  Department 
of  Scientific  and  Industrial  Research  a 
Report  entitled  "  Coal  Fire,"  which 
describes  the  work  of  Dr.  Margaret 
Fishenden  in  connection  with  domestic 
heating.  Copies  (post  free  4s.  3d.)  can 
be  obtained  from  H.M.  Stationery  Office, 
"  Imperial  House,"  Kingsway,  W.C.2. 


Another  publication  of  interest  is  the 
translation  of  Von  Rohr's  "  Theorie  der 
Optischen  Instrumente,"  undertaken  by 
Mr.  R.  Kanthack.  The  translation  of 
this  treatise  is  expected  to  prove  most 
useful  to  students  and  scientists.  Amongst 
others  the  following  subjects  are  dealt 
with  :  The  Fundamental  Principles  of 
Geometrical  Optics  ;  The  Computation  of 
Rays  through  a  system  of  Refraction 
Surfaces  ;  Abbe's  Geometrical  Theory  of 
the  Formation  of  Optical  Images  ;  The 
Formation  of  Optical  Images  ;  The 
Theory  of  Spherical  Aberration  ;  The 
Theory  of  Chromatic  Aberration  ;  Com- 
putation of  Optical  Systems  in  accordance 
with  the  theory  of  Aberration  ;  Prisms 
and  Systems  of  Prisms  ;  The  Limitation 
of  Rays  in  Optical  Systems  (Theory  of 
Stops)  ;  Intensity  of  Rays  transmitted 
through  Optical  Systems  (Photometry  of 
Optical  Instruments). 

Copies  (£2  5s.  net)  can  be  obtained 
from  H.M.  Stationery  Office,  "  Imperial 
House,"  Kingsway,  W.C.2. 

FORTHCOMING     ADVERTISING 
EXHIBITION. 

An  interesting  event  this  autumn  will 
be  the  International  Advertising  Exhibi- 
tion to  be  held  at  the  White  City, 
London,  from  November  29th  to  Decem- 
ber 4th. 

We  understand  that  the  buildings  will 
have  an  area  of  200,000  square  feet,  and 
that  the  space  will  be  occupied  by 
interesting  and  novel  demonstrations  of 
the  value  of  modern  advertisements  as  an 
instrument  of  salesmanship. 

It  is  stated  that  the  Government, 
particularly     the     Board     of     Trade,     is 


interested  in  this  endeavour  to  aid   the 

commerce  of  the  Empire,  and  likewise 
the  Trades  ( lommissioners  of  our  Colonies. 
Particulars  of  the  Exhibition  can  be 
obtained  on  application  to  the  Adminis- 
trator, Mr.  S.  <:.  Haughton,  107,  Strand, 
London,  W.C. 


BRITISH  INDUSTRIAL  "SAFETY- 
FIRST  "   ASSOCIATION. 

At  the  Machine  Tool  Trades  Exhibition 
to  be  held  at  Olympia  in  September  next 
a  great  Convention  will  be  held  under 
the  joint  auspices  of  the  Home  Office  and 
the  British  Industrial  "  Safety-First  " 
Association.  There  will  be  two  sections, 
at  which  papers  of  absorbing  interest 
will  be  discussed.  We  understand  that 
special  attention  will  be  devoted  to  the 
part  played  by  industrial  illumination  of 
the  prevention  of  accidents.  Engage- 
ments permitting,  the  Home  Secretary 
will  preside  at  the  morning  session  and 
Lord  Leverhuhne  in  the  afternoon. 

Invitations  to  the  Convention  are  being 
extended  to  the  management  and  workers 
of  the  principal  industries  throughout  the 
country,  to  employers'  federations,  em- 
ployees' organisations,  National  Union  of 
Manufacturers  ;  also  to  representatives  of 
Covernment  Departments  and  numerous 
other  personages  prominent  in  commer- 
cial and  industrial  circles. 

The  arrangements  for  the  Conference 
are  in  the  hands  of  Mr.  Gerald  Bellhouse, 
C.B.E.,  the  Deputy  Chief  Inspector  of 
Factories  and  Workshops,  and  Mr.  H.'E. 
Blain,  C.B.E.,  the  well-known  Operating 
Manager  of  the  Underground  Railway 
and  London  General  Omnibus  Group. 

GEORGE  MONTEFIORE  FOUNDATION. 

Triennial  Prize. 

We  have  received  from  the  Association 
des  Tngenieurs  Elect  riciens  sort  is  de 
l'Institut  Electrotechnique  Montefiore 
(Liege)  particulars  of  the  prize  to  be 
awarded  under  the  George  Montefiore 
Foundation  for  the  year  1921.  The  prize 
consists  of  the  accumulated  interest  on 
a  capital  of  150,000  francs  invested  in 
Belgian  3  %  Rentes,  and  is  awarded  every 
three  years  for  the  best  original  work 
presented  on  scientific  advance  and 
progress  in  the  technical  applications  of 
electricity.  Competitors  may  send  in 
treatises  up  to  April  30th,  1921,  and  all 
particulars  can  be  obtained  from  the 
Secretary  of  the  George  Montefiore 
Foundation,  Rue  Saint  Gilles,  31,  Liege, 
Belgium. 
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[The  contents  ol  theed  pages,  in  which  i-  included  information  supplied  by  the  makers,  will, 
it  Le  boned,  Berve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all 
bona-fide  information  relating  thereto*] 

GLASS-TOP    METAL    REFLECTORS.         SIEMENS  DRY  CELLS  AND  BATTERIES. 


Some  time  ago  we  referred  to  a  novelty 
recently  introduced  in  the  United  States, 
namely,  the  use  of  metal  reflectors  having 
a  transitu  enl  glass  top.  The  idea  of  the 
device  is  thai  this  glass  allows  enough 
lighl  to  be  transmitted  upwards  to 
illuminate  the  ceiling  and  upper  parts  of 
the  room  to  a  moderate  extent,  and  in 
this  way  removes  the  tendency  toward- 
severe  contrast  and  glare  which  tnaj  occur 
when  only  metal  reflectors,  at  a  relatively 
low  level,  are  used.  At  the  same  time 
the  shadows  are  softened. 

By  the  courtesy  of  the  makers  of  these 
reflectors  (the  Ivanhoe- Repent  Works  of 
the  General  Electric  Co.,  of  Cleveland. 
U.S.A.).  we  reproduce  on  the  opposite 
page  two  illustrations  explaining  the 
principle.  'The  upper  view  shows,  in  an 
extreme  form,  the  appearance  of  lighted 
metal  reflectors  seen  against  a  completely 
dark  ceiling  ;  while  the  lower  view  is 
intended  to  illustrate  the  effect  produced 
with  glass-top  metal  reflectors 

In  practice  it  frequently  happens  that 
the  upper  parts  of  rooms  illuminated 
entirely  by  metal  reflectors  are  unduly 
dark,  though  when  the  walls  and  floor  are 
light  in  colour  a  considerable  amount  of 
light  is  reflected  upwards  and  softens 
the  contrast.  The  idea  of  avoiding  such 
extreme  contrasts  by  the  use  of  combin- 
ation glass  and  metal  fittings  is  interest- 
ing. Such  a  device  is  essentially  a 
compromise  between  metal  and  prismatic 
or  diffusing  glass  reflectors,  and  appears  to 
achieve,  in  a  compact  way,  what  is  done 
when  one  subdivides  the  lighting  of  an 
interior,  making  special  arrangements  to 
illuminate  the  upper  part  of  the  room 
and  using  metal  reflectors  for  the  direct 
light  on  the  work. 


A  recent  catalogue  (No.  537)  issued  by 
Messrs.  Siemens  Brothers  and  Co.,  I>td., 
contains  particulars  of  a  great  variety  of 
dry  cells  and  batteries,  which  the  Com- 
pany has  manufactured  in  ;t  -  Woolwich 
Works  for  nearly  30  years.  The  number 
of  types  and  sizes  made  at  Woolwich  now 
exceeds  600,  including  dry  cells  of  round, 
square  and  oblong  shape,  cells  specially 
designed  for  telephones  and  I. ells,  dry 
batteries  for  ignition  or  for  internal 
combustion  engines,  batteries  for  pocket 
Sash  lamps,  torches,  etc. 

The  catalogue  also  contains  an  illus- 
trated description  of  the  Siemens  "  Inert  " 
cells,  which,  it  is  stated,  may  be  stored 
for  an  indefinite  time  in  any  climate 
without  undergoing  deterioration.  The 
cell  is  rendered  active  by  the  addition  of 
water,  which  is  absorbed  by  its  ingredients 
so  that  it  subsequently  behaves  like  a  dry 
cell  of  the  best  type. 

FITTINGS   FOR  "  HALF-WATT  " 
LAMPS. 

A  booklet  issued  by  the  Engineering 
and  Lighting  Equipment  Co.,  Ltd., 
who  have  taken  over  the  business  of 
"Engineering  and  Arc  Lamps,  Ltd.," 
shows  an  interesting  variety  of  fittings 
for  gas-filled  lamps,  one  type  of  special 
interest  being  the  "  Bradford  "  colour- 
matching  lantern  which  contains  glass  of 
special  colour  desired  to  convert  the 
light  from  an  ordinary  gas -filled  lamp 
into  a  close  resemblance  to  daylight. 
The  booklet  also  illustrates  the  applica- 
tion of  the  "  Anti-Break  "  anti -vibration 
discs,  which  consist  of  concentric  rings  of 
springy  phosphor-bronze  and  gauze, 
whereby  shocks  and  vibrations  are 
absorbed  and  prevented  from  affecting 
the  filament. 

G.E.C.  TURBO-PLANT. 

We  have  received  from  the  General 
Electric  Co.,  Ltd.,  two  catalogues,  dealing 
respectively  with  Turbo-Plant  (Bulletin 
No.  13).  and  with  Fraser  ami  Chalmers' 
Steam  Turbines  (Bulletin  No.   13a). 
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Illustrating  the  effect  of  metal  reflectors  which  arc  apt  to  leave  the  top  of  the 
room  in  comparative  darkness  unless  supplementary  general  illumination  is 
provided. 


With  glass-top    metal    reflectors   the   ceiling    receives    just    enough    transmitted 
light  to  eliminate   severe  contrast  with  the   brightly-lighted  reflector  below. 


Two  illustrations  showing  the  effect  of  Metal  Glass-Top 
Reflectors  in  diminishing  the  Contrast  between  the  lighted 
surface  of  the  reflector  and  the  upper  part  of  the  room. 
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ELECTRIC   LAMPS    IN    JAPAN. 
According  to  the  Electrical  Review,  the 

elect  lie  lamp  trade  iii  Japan  is  a  very 
prosperous  one.  The  consumption  of 
elect i-ie  lighi  in  1917,  a-  compared  with 
1912.  shows  an  increase  of  250  per  cent. 
Accordingly,  the  demand  for  electric 
lamps  has  increased  steadily,  and  for  this 
year  is  estimated  at  23,000,000  bulbs. 
The  value  of  bulbs  exported  rose  from 
K,U,2S4  yen  in  1912  to  2.s47.ls7  yen  in 
1917,  when  approximately  8,000,000  bulbs 
were  exported.     The  total  for  this  year 

is  estimated  at    1  u ,000.     Betwe<  d  80 

and  !)<)  per  cent,  of  all  electric  lamps 
manufactured  in  Japan  are  made  by  the 
Tokio  Electric  Works,  which  is  a-  branch 
of  the  ( ieneral  Elecl  ric  <  lo. 


IMPROVEMENTS  IN  STREET  LIGHTING 
IN    LONDON. 

While  the  general  tendency  in  electric 
street  lighting  since  the  cessation  of 
hostilities  has  been  in  tin'  direction  of 
substituting  gas-filled  incandescent  lamps 
for  arc  lamps,  there  are  still  too  many 
Cases  in  which  SUCh  lamp-  are  merelv 
installed  in  the  old  fittings,  without  any 
scientific  means  of  distributing  the  light. 

Oxford  Street,  with  its  series  of  lamps 
in  Holophane  prismatic  glass  lantern-,  is 
a  familial'  exception  to  this  tendency. 
and  more  recently  a,  number  of  fittings 
of  this  type  have  been  installed  in  the 
Strand  and  in  the  upper  section  of 
Whitehall  approaching  Trafalgar  Square. 
In  both  eases  the  contrast  with  the  con- 
ditions prevailing  during  the  war  is  very 
marked. 

PUBLIC   LIGHTING    IN    NOTTINGHAM. 

We  notice  that,  according  to  the  Gas 
■Journal,  the  (his  Committee  of  Notting- 
ham have  at  last  seen  their  way  to  a 
reversion  to  the  pre-war  arrangements  for 
public  lighting.  It  certainly  seems  singu- 
lar that  this  step  should  have  been  so 
long  deferred,  and  it  is  satisfactory  to 
notice  that  a  comprehensive  series  of 
improvements,  including  the  discarding 
of  various  obsolete  devices,  for  street 
lighting  is  now7  contemplated. 


BRITISH  ELECTRICAL  DEVELOPMENT 
ASSOCIATION. 

We    have    received   from    the    British 

Electrical  Development  Association  a 
series  of  pamphlets  referring  to  the 
applications  of  electricity  for  domestic 
uses.  An  illustrated  booklet,  entitled 
"  Household  Helps."  deals  with  electric 
lighting  in  the  home,  pointing  out  the 
advantages  of  proper  methods  of  illumina- 
tion and  the  use  of  modern  systems  of 
wiring,  etc.  We  are  glad  to  note  that 
special  importance  is  attached  to  the 
elimination  of  glare  from  unscreened 
filaments. 

THE    UNHARMED    MAZDA. 

An  incident,  brought  to  our  notice  by 
tin  British  Thomson-Houston  Co.,  Ltd.. 
illustrate-  the  shocks  which  drawn-wire 
filaments  will   sometimes  withstand. 

A  tramcar  belonging  to  the  Ayr  Cor- 
poration had  the  misfortune  to  collide 
recently  with  a  motor  car.  The  motor 
was    -mashed    beyond    recognition,    while 

the  tramcar  was  badly  damaged,  the 
front    being    twisted    and   bent.      In    the 

middle  of  the  dashboard  (which  sustained 
the  full  force  of  the  collision)  there  was  a 
headlight  equipped  with  a  Mazda  traction 
type  lam]).  Although  the  glass  front  of 
the  headlight  was  broken  and  the  bolts 
securing  the  metal  framework  sheered 
off,  the  Mazda  lamp  continued  to  burn 
after  the  accident.  Lt  is  surprising  that 
a  thing  of  glass  and  wire  should  Survive 
such  a  collision  and  remain  unharmed  in 
the  midst  of  twisted  steel  and  splintered 
wood. 

ACETYLENE    TORCHES    FOR    GAS 
LAMPS. 

Another  instance  of  one  system  of 
lighting  coming  to  the  assistance  of 
another  is  afforded  by  the  special  acety- 
lene torches  supplied  by  Messrs.  Parkinson 
and  W.  &  B.  Cowan,  Ltd.,  for  use  with 
their  street  lamps  using  inverted  burners. 
The  lanterns  are  adapted  to  the  use  of 
automatic  controllers  or  may  be  lighted 
by  any  ordinary  form  of  torch.  The 
acetylene  torch,  however,  appears  to  be 
a  compact  and  useful  device  allowing  a 
stiff  flame  to  impinge  sideways  on  the 
gas  without  the  torch  itself  being  brought 
unduly  near  the  mantle.  The  torch 
contains  sufficient  carbide  and  water  to 
serve  for  a  long  round  before  recharging 
is  necessars . 
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REVIEWS  OF  BOORS  AND  PUBLICATIONS   RECEIVED. 


The  Engineering  Enquiry.  By  Tomey 
Thompson.  (J.  W.  Arrowsmith,  Ltd., 
Bristol,  and  Simpkin,  Marshall,  Hamil- 
ton, Kent  and  Co.,  Ltd.,  London. 
Is.  Gd.  net.     pp.  365.) 

In  an  introductory  note  the  Author  of 
this  work  recalls  the  statement  of  a 
director  of  a  prominent  Engineering 
Manufacturing  Company  that  he  rarely 
received  an  inquiry  complete,  i.e.,  without 
delay  being  caused  by  correspondence 
and  interviews  to  elicit  information 
necessary  before  an  intelligent  tender 
could  be  submitted. 

This  difficulty  the  Author  seeks  to 
rectify.  He  provides  a  summary  of  the 
essential  facts  with  which  a  manufactur- 
ing firm  desires  to  know  when  an  inquiry 
is  received.  The  subjects  of  inquiry 
(motors,  pumps,  instruments,  etc.)  arc 
arranged  in  alphabetical  order.  Besides 
giving  data  on  the  lines  indicated,  the 
Author  in  some  cases  gives  a  brief 
analysis    of    the    respective    merits    and 


drawbacks  of  alternative  arrangements. 
The  book  should  be  most  valuable  to 
purchasing  and  selling  engineers,  agents, 
managers  and  others  concerned  with 
orders  for  engineering  machinery. 

Debenture*,  the  Purposes  they  Servt  and 
How  they  are  Issued.  By  Herbert  11". 
Jordan.  (Jordan  and  Sons,  Ltd.  Ninth 
Edition.  London,  1920.  Is.  6d.  net. 
pp.  65.) 

The  title  of  this  book,  now  in  the  ninth 
edition,  explains  its  contents.  It  is 
divided  into  two  parts,  the  first  explaining 
the  nature  and  objects  of  debentures, 
the  second  the  method  of  issue.  Readers 
are  warned  against  various  misuses  of 
debentures,  and  some  curiosities,  such  as 
debentures  charged  on  "  gate  money  " 
and  even  on  golf  balls, -are  mentioned! 
The  book  will  doubtless  be  useful  to 
many  embarking  on  financial  under- 
takings. 
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Who's  Who  in  Engineering.  Edited  by 
John  Ed.  Sears,  C.B.E.,  M.A.  (1920- 
1921.)     (Compendium    Publishing   Co., 

London,     pp.  426.) 

The  edition  of  "'  Who's  Who  in  Engineer- 
ing "  for  1920-21  contains  the  usual  list 
of  leading  engineers,  arranged  alpha- 
betically, and  a  classified  list  of  experts. 
Particulars  are  given  of  Engineering 
Institutions  and  Societies,  Centres  of 
Technical  Engineering  Training.  Trading, 
and  Research  Associations,  Associations 
of  Employers  and  Employees,  Engineer- 
ing Journals,  etc.  In  the  nature  of 
things  such  a  publication  must  require 
constant  revision,  and  we  note  that  it 
is  hoped  in  future  to  make  the  classified 
list  of  engineers  more  complete.  Mean- 
time the  Editor  invites  particulars  from 
leading  engineer-,  secretaries  of  institu- 
tions, etc.,  and  in  a  notice  at  the  end  of 
the  work  an  indication  is  given  of  the 
form  in  which  such  information  should 
be  presented. 

The  Electricity  [Supply  Act),  1919.  By 
W.  S.  Kennedy.  LL.B.  [The  Electrical 
Review,  Ltd.,  London,  1920.  3*.  Od. 
net.     pp.  96.) 

The  book  consists  of  a  complete  sum- 
mary of  the  1919  Electricity  Supply  Act, 

each  section  being  analysed  and  com- 
mented upon  in  turn.  On  the  whole. 
the  Author  seems  to  view  the  Act 
favourably,  regarding  the  creation  of  the 

Commission  as  a  step  in  the  right 
direction,  and  in  so  far  as  it  helps  to 
remove  impediments  and  effect  reconcilia- 
tion between  conflicting  interests  its 
effect  should  be  good.  But  where  it  goes 
beyond  this  the  result  is  considered 
doubtful,  and  the  Author  issues  a  warning 
against  the  impression  that  cheap  elec- 
tricity can  be  secured  by  Act  of  Parlia- 
ment. It  is  rather  to  the  energy  and 
inventive  genius  of  the  engineer  that  we 
must  look  for  the  solution  of  this  problem. 

The  Journal  of  the  Society  of  Glass 
■     Technology.      (August,   1!>20.) 

This  number  contains  the  account  of  the 
proceedings  at  the  Third  Annual  Meeting, 
from  which  we  are  glad  to  note  that  the 
Society  is  making  steady  progress.  Seven 
papers  are  presented,  including  some 
notes  on  the  discolouration  produced  by 


lead,  antimony  and  arsenic  in  lamp- 
worked  gla-s  tubing,  by  F.  W.  Hodgkin 
and  W.  E.  8.  Turner,  and  the  discus-ion 
of  Dr.  Peddle's  papers  on  the  Develop- 
ment of  Optical  Class  during  the  War. 
The  volume  is  concluded  by  the  usual 
abstract-  and  reviews  of  articles  on  glass 
technology.  A  section  on  Illumination 
and    Illuminating  Ware  is  now  included. 


Tfu  Theory  and  Practice  of  Lubrication  . 
Tin  Germ  Process.  By  H.  M.  Wells 
and  J.  E.  Southcombe,  M.Sc.     (Reprint 

of    Paper    read    befon     tl>>     Society    of 
(In  m  in, I  Industry.) 

In  this  paper  the-  Authors  review  the 
theory  of  lubrication  and  seek  to  explain 
tin-  differences  found  in  the  qualities  of 
various  types  of  oil,  which  are  illustrated 
by  the  results  of  tests  on  marine  steam 
engine  bearings,  steam  cylinders  and 
turbines,  etc.  The  expression  "  germ 
process  "  is  used  to  describe  oil  made  by 
using  a  small  amount  of  fatty  acids  with 
mineral  oils.  For  many  purposes  the 
addition  of  fatty  oils  to  mineral  oils  is 
considered  unnecessarv. 


Good   Lighting    (No.    5).     Edited  by   Mr. 
D.   H.  Ogley. 

Contains  some  hints  on  industrial  light- 
ing, and  illustrates  some  of  the  most 
recent  productions  of  the  Wardle  Engin- 
eering Co.,  Ltd..  for  use  with  gas-filled 
lamps.  A  note  on  heat  losses  in  vacuum 
and  gas-filled  lamps  is  included,  in  which 
the  actions  taking  place  in  the  gas-filled 
lamp  are  explained.  We  notice  that 
the  booklet  contains  a  quotation  from 
The  Illuminating  En&ineeb  on  some 
illumination  tests  in  Australia. 


The  Practical  Electrician's  Pocket  Book. 

We  understand  that  "  The  Practical 
Electrician's  Pocket  Book  (issued  by 
Messrs.  S.  Rentell  and  Co.,  Ltd.),  which 
lias  been  previously  reviewed  in  these 
columns,  has  now  been  included  in  the 
list  of  books  which  are  officially  recom- 
mended by  the  City  and  Guilds  of  London 
Institute. 
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EDITORIAL. 


Lighting  in  Relation  to  Health  and  Safety. 

Several  recent  events  have  served  to  emphasise  the  importance  of 
good  lighting  in  the  interests  of  health  and  safety.  Amongst  these  great 
interest  attaches  to  the  first  conference  of  the  British  Industrial  Safety 
First  Association,  held  at  Olympia  on  September  22nd.  The  Home 
Secretary  was  to  preside  during  the  morning  session,  and  Lord  Leverhulme 
in  the  afternoon — an  arrangement  which  aptly  illustrated  the  cordial 
support  which  the  movement  now  receives,  both  in  official  quarters  and 
in  the  held  of  industry.  The  proceedings  were  opened  by  an  introductory 
address  by  Mr.  G.  Bellhouse,  C.B.E.  (H.M.  Deputy  Chief  Inspector  of 
Factories),  and  a  number  of  other  officials,  including  Sir  Arthur  YYhitelegge, 
K.C.B.,  and  Mr.  Graves  (H.M.  Chief  Inspector  of  Factories),  were  present. 
Frequent  references  were  made  to  the  part  played  by  illumination  in  ensuring 
the  safety  of  operators  in  factories.  Thus,  Dr.  John  Bridge,  in  referring 
to  first  aid  in  factories,  remarked  that  lighting  and  temperature  had  a  great 
influence  on  the  accident  rate — lighting,  particularly,  being  a  matter  that 
did  not  yet  receive  the  attention  it   deserved.     Mr.   Atkinson,  Welfare 
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Superintendent  at  Port  Sunlight,  referred  to  the  use  of  luminous  signs 
above  railway  tracks  at  frequent  intervals.  In  addition  the  writer  con- 
tributed a  paper  on  "  Lighting  as  an  Aid  to  Safety,"  in  which  he  presented 
statistics  illustrating  the  connection  between  lighting  and  accidents,  and 
pointed  out  the  desirability  of  introducing  a  general  requirement  of  adequate 
lighting  in  the  new  Factory  Acts.  The  use  of  luminous  signs  and  devices 
should  receive  special  attention  as  an  element  in  safety  measures.  Of 
what  use  is  the  display  of  a  cautionary  placard,  unless  it  can  be  clearly 
seen  both  by  natural  and  artificial  light  ?  Such  notices  should  be  so  lighted 
as  to  "  stand  out  "  and  be  easily  read  by  the  workers  using  the  machines  to 
which  t  he  notice  applies. 

Several  of  the  speakers  in  the  discussion  at  Olympia  remarked  that 
first  aid  and  safety  measures  should  not  be  interpreted  too  narrowly.  They 
should  be  directed  towards  safeguarding  the  health  of  workers,  as  well  as 
their  protection  againsl  accidents.  Both  these  aims  form  an  important 
part  of  industrial  hygiene. 

Another  hriportanl  step  is  the  proposi  d  resumption  of  meetings  of  the 
Departmental  (Home  Office)  Committee  on  Factory  Lighting,  which  were 
temporarily  suspended  <  luring  the  war  following  the  issue  of  the  first  Interim 
Report  in  1915.  The  intervening  period  has  only  Mixed  to  bring  about 
a  more  general  recognition  of  the  importance  of  good  industrial  lighting 
in  the  national  interests  and  the  Committee  has  before  it  many  useful  lines 
of  future  work.  We  have  often  pointed  out  that  this  question  of  industrial 
lighting  is  one  that  should  receive  international  treatment,  and  that  some 
machinery  should  be  instituted  to  pool  the  information  obtained  in  different 
countries  and  promote  common  action.  It  was  therefore  very  gratifying 
to  learn  from  Professor  Carozzi,  who  rs  associated  with  the  Section  of 
Industrial  Hygiene  of  the  International  Labour  Office  established  by  the 
League  of  Nations,  that  lighting  is  one  of  the  subjects  to  whichit  is  proposed 
to  devote  special  attention. 

We  are  glad  to  observe  that  a  Committee  has  now  been  appointed 
under  the  Ministry  of  Health  (see  p.  24S)  to  inquire  into  the  causation 
of  blindness  and  defective  vision,  and  we  have  reason  to  believe  that  it 
will  include  in  the  scope  of  its  inquiry  the  effects  of.  inadequate  lighting 
and  excessive  glare — doubtless  contributory  factors  in  the  causation  of 
blindness  and  defective  vision. 

One  question  recently  discussed  before  the  Illuminating  Engineering 
Society  suggests  itself  as  a  very  appropriate  one  to  receive  attention 
from  this  Committee — namely,  the  relation  between  inadequate  illumination 
and  miners'  eyesight.  It  is  generally  agreed  that  inadequate  lighting 
is  one  of  the  chief  causes. of  miners'  nystagmus,  and  the  Committee  seems 
-to  be  in  a  good  position  to  initiate  researches  such  as  would  enable  us  to 
trace  the  conditions  of  lighting  responsible  and  prescribe  a  remedy. 

Again,  there  is  a  widespread  impression  that  the  deterioration  in  the 
eyes  of  children  during  their  school  life  is  at  least  partly  due  to  inadequate 
lighting.  Finally,  the  effect  upon  eyesight  of  the  glare  from  the  powerful 
lamps  used  in  cinema  studios  has  been  the  subject  of  recent  comment. 
These  questions  also  deserve  attention  from  the  Ministry  of  Health 
Committee. 
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Illumination  and  Output  in  the  Silk-Weaving  industry, 

When  the  formation  of  the  Industrial  Fatigue  Research  Board  was 
announced  we  pointed  out  the  prospect  of  valuable  work  before  this  Com- 
mittee, and  expressed  the  hope  that  the  effect  of  inadequate  lighting  in 
causing  fatigue  would  be  included  in  its  scheme  of  operations. 

We  have  now  before  us  an  interesting  bulletin  issued  by  the  Board  on 
"  Output  in  Silk  Weaving  during  the  Winter  Months."*  The  report  deals 
with  two  different  mills,  one  devoted  to  light  goods,  the  other  to  fancy 
materials.  Measurements  of  output  during  successive  weeks  were  regarded 
as  one  of  the  best  available  indications  of  the  extent  of  industrial  fatigue. 

The  interesting  point  about  these  researches  is  the  relation  established 
between  output  and  the  extent  to  which  artificial  light  was  used.  In 
one  mill  centrally  controlled  lighting  was  used,  and  it  was  possible  to  record 
the  exact  number  of  hours  during  which  artificial  light  was  necessary. 
The  working  day  was  divided  into  eight  successive  periods,  and  it  was  found 
that  in  general  the  first  and  last  periods  furnished  the  smallest  output. 
The  relative  diminution  in  these  periods,  however,  is  shown  to  be  closely 
associated  with  the  use  of  artificial  light.  As  the  days  became  longer  and 
the  natural  light  brighter  the  output  improved.  By  comparison  between 
weeks  in  which  artificial  lighting  was  necessary,  and  corresponding  weeks 
when  daylight  was  used  throughout,  it  is  deduced  that  the  loss  of  output 
arising  from  the  use  of  artificial  light  amounted  to  10%.  In  the  other 
mill  local  lights  under  the  control  of  individual  workers  were  necessarily 
used,  and  accordingly  an  exact  record  of  the  hours  of  artificial  light  could 
not  be  kept.  Nevertheless,  the  records,  properly  interpreted,  confirm  the 
influence  of  artificial  light  on  production. 

The  general  conclusion  is  that  as  we  proceed  from  the  dark  winter 
months  to  the  spring,  when  more  daylight  is  available,  the  output  steadily 
rises.  This  result  supplements  the  conclusion  already  recorded  in  the 
Report  of  the  Departmental  (Home  Office)  Committee  on  Lighting  in 
Factories  and  Workshops  that  accidents  are  most  frequent  in  the  dark 
winter  months,  and  least  in  the  summer.  It  appears  therefore  that  the 
methods  of  artificial  lighting  used  in  factories  are  frequently  less  safe  and 
less  efficient  than  daylight.  It  need  not  be  assumed  that  this  is  necessarily 
so.  What  is  now  needed  is  to  trace  the  conditions  of  artificial  lighting 
responsible  for  the  inferior  results.  In  some  cases  doubtless  the  amount 
of  light  is  inadequate,  in  others  the  distribution  of  light,  the  direction  from 
which  it  is  received,  the  nature  of  the  shadows  and  the  presence  of  glare 
may  be  important  factors.  We  should  like  to  see  this  investigation  extended 
to  various  methods  of  artificial  lighting,  thus  revealing  the  conditions  of 
illumination  to  be  avoided.  It  may  be  found  possible  to  equal,  and  even 
exceed,  results  achieved  by  daylight,  which,  with  all  its  advantages,  has 
also  drawbacks,  notably  as  regards  lack  of  uniformity  of  illumination  over 
the  working  area,  and  great  variation  with  the  time  of  day  and  period  of 
the  year.  The  Committee  is  to  be  congratulated  on  the  useful  work  already 
done,  and  the  fact  that  its  Chairman  (Professor  C.  S.  Sherrington)  and  its 
Secretary  (Mr.  D.  R.  Wilson)  are  also  members  of  the  Departmental  Com- 
mittee on  Lighting  in  Factories  and  Workshops  should  ensure  that  the  effect 
of  lighting  conditions  in  relation  to  fatigue  will  receive  due  attention. 

*  Bulletin  No.  9  (Textile  Series  No.  3),  issued  by  the  Industrial  Fatigue  Research  Board,  and 
obtainable  from  H.M.  Stationery  Office  (Imperial  House.  Kingsway,  London,  W.C.). 
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Scientific  and  Industrial  Research. 

The  Annual  Report  of  the  Department  for  Scientific  and  Industrial 
Research  for  the  past  year  contains  evidence  of  a  great  extension  of  work. 
Apart  from  the  National  Physical  Laboratory  and  the  various  Research 
Boards  there  are  eighteen  industrial  research  associations  representing 
various  industries,  and  others  still  in  course  of  formation.  Aid  has  been 
given  to  a  number  of  scientific  researches  carried  out  by  other  bodies,  and 
grants  have  been  made  to  159  individual  researchers — a  notable  advance 
over  the  number  for  the  previous  year.  A  few  committees  formed  under 
the  Department  have  been  dissolved,  but  it  may  safely  be  assumed  that 
in  such  cases  their  activities  have  merely  been  merged  in  some  other  inquiry. 

Space  prevents  us  dealing  here  with  the  nature  of  these  varied  and 
comprehensive  researches,  of  which  some  account  is  given  elsewhere  in  this 
issue  (pp.  255-256).  We  should,  however,  like  to  refer  to  one  or  two  matters 
of  principle  discussed  in  the  Report.  It  appears  that  grants  to  private 
workers  are  intended  to  apply  to  purely  scientific  work,  whereas  work 
done  by  the  recognised  industrial  associations  may  be  expected  to  have 
a  direct  practical  bearing.  The  question  arises  as  to  the  position  of  in- 
ventions made  by  persons  carrying  on  state-aided  researches.  Twelve 
patents  have  been  taken  out  by  the  Trust  in  conjunction  with  inventors. 
We  have  always  contended  that  researchers  who  are  able  to  develop  an 
invention  of  commercial  importance  should  be  entitled  to  some  share  of  the 
proceeds  of  their  work.  The  remuneration  they  receive,  either  in  the  form 
of  salary  as  an  accredited  research  worker  to  some  association,  or  as  a  grant 
for  their  personal  work,  is  admittedly  not  such  as  to  alone  encourage  gifted 
young  men  to  devote  their  lives  to  research.  We  are  therefore  glad  to  observe 
that  the  problem  of  dealing  with  inventions  made  by  workers  aided  by  public 
funds  "  so  as  to  give  a  fair  reward  to  the  inventor  and  encourage  further 
effort  "  is  being  dealt  with  by  a  Departmental  Committee. 

Another  point  is  the  position  of  scientific  societies  in  regard  to  the 
publication  of  their  transactions.  As  is  well  known  the  costs  of  printing 
and  paper  have  advanced  enormously  during  the  war,  and  in  many  cases  it 
has  been  found  necessary  to  reduce  the  volume  of  publications.  The 
increased  costs  of  publication  thus  act  as  a  deterrent  to  the  dissemination 
of  scientific  knowledge,  a  condition  which  is  obviously  unfortunate  at  the 
present  moment.  In  certain  cases  important  scientific  documents  have 
been  issued  through  the  Stationery  Office,  but  this  is  rightly  regarded  as 
no  substitute  for  the  increased  support  needed  by  scientific  societies  to  make 
their  results  known.  The  question  of  state-aid  is  regarded  as  a  difficult  one, 
but  it  is  suggested  that  common  action  should  be  taken  by  scientific  societies 
in  presenting  a  definite  statement  in  favour  of  temporary  assistance  during 
the  present  period  of  unsettled  prices.  We  understand  that  a  movement 
in  this  direction  has  been  initiated.  Scientific  societies  also  suffer  through 
the  increased  cost  of  postage,  and  we  have  previously  urged  that  scientific 
publications  should  enjoy  at  least  the  same  postal  rates  as  those  granted 
to  daily  and  weekly  newspapers. 

Leon  G aster. 
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OUTPUT  BY  NATURAL  AND  ARTIFICIAL  LIGHT  IN  THE  SILK  INDUSTRY. 


Some  interesting  data  on  the  above 
subject  are  given  in  a  bulletin  recently 
issued  by  the  Industrial  Fatigue  Re- 
search Board.*  An  investigation  into 
the  silk  industry  was  originally  suggested 
by  the  Home  Office  on  the  grounds  («) 
that  research  by  the  Board  might  be  of 
assistance  in  regard  to  the  changes  in 
hours  of  employment  at  the  time  under 
consideration,  (b)  that  the  special  fineness 
of  many  of  the  processes  gives  much  of 
the  work  an  individual  character  not 
possessed  in  the  same  degree  by  other 
textile  industries.  The  report  is  based 
almost  entirely  on  variations  in  output 
which,  in  the  absence  of  any  known 
physiological  or  psychological  test,  is  at 
present  the  only  practical  index  of 
fatigue.  Such  an  index,  however,  is  only 
applicable  to  processes  in  which  fatigue 
can  show  itself  in  reduced  output,  i.e., 
those  in  which  production  depends  to  an 
appreciable  extent  on  human  effort. 
Many  processes  in  silk  manufacture  are 
nearly  automatic,  and  output  is  then  only 
slightly  affected  by  the  human  factor. 
Such  processes  are  naturally  unsuitable 
for  correlating  output  with  fatigue. 
Weaving,  however,  stands  in  a  different 
category.  Here  the  output  depends  to 
a  much  greater  degree  on  human  effort. 
Accordingly  the  enquiry  was  conducted  in 
two  silk-weaving  factories,  one  on  plain, 
the  other  on  fancy  silks.  A  specially 
interesting  point  is  the  reduced  output, 
as  compared  with  that  obtained  by 
daylight,  observed  during  hours  when 
artificial  lighting  was  used. 

In  commenting  on  the  difficulties 
attending  such  an  enquiry  it  is  remarked 
that  the  climatic  conditions  have  a 
marked  effect  on  the  working  capacity 


(1) 


(2) 


of  the  individual  ;  there  is  a  great  differ- 
ence between  the  condition  of  mind  on  a 
bright  spring  day,  a  hot  summer  day  in 
July,  or  a  foggy  day  in  November. 
Atmospheric  conditions  also  affect  the 
material  being  manufactured.  The  light- 
ing of  a  factory,  again,  whether  by  day- 
light or  by  artificial  light,  also  greatly 
affects  the  rate  of  production.  The 
effect  here  is  twofold — psychological  in 
that  certain  lighting  systems  are  depress- 
ing and  others  stimulating,  and  physical 
in  that  threads  of  yarn  are  more  easily 
seen  in  some  lights  than  others. 

The  two  investigations  I.  and  II.  were 
carried  out  in  two  mills  of  widely  varying 
character,  both  as  regards  their  structure 
and  the  nature  of  the  product. 


Investigation  I. 

The  first  investigation  was  made  in  a 
weaving  mill  in  Essex.  This  was  a 
modern  lofty  shed  with  roof  lights  facing 
north.  The  looms  were  widely  spaced, 
there  was  little  obstruction,  and  the 
appearance  of  the  shed  was.  as  weaving 
sheds  go,  distinctly  cheerful.  Each  loom 
was  lighted  artificially  by  two  30-watt 
lamps — -one,  suspended  about  one  foot 
from  the  cloth,  fell  at  the  end  of  an  arm 
hinged  to  a  bracket  at  the  front  centre 
of  the  loom  frame,  the  other  suspended 
2i-3  ft.  above  the  porry  of  the  warp. 
The  work  was  of  a  simple  character  and 
all  materials  used  were  of  a  light  colour. 

One  of  the  first  steps  was  to  determine 
a  method  of  determining  the  efficiency 
of  work,  on  which  output  depends. 
Eventually  the  two  following  criteria 
were  adopted  : — 

Number  of  picks  in  woven  cloth  X  100 
Number  of  picks  in  a  non-stop  loom  would  have  made. 

Time  taken  by  non-stop  loom  to  weave  the  cloth  in  question  X  100 
Actual  time  taken. 

The  artificial  lighting  was  centrally  con- 
trolled, and  it  was  accordingly  possible 
to  record  the  exact  period  during  which 
artificial  light  was  used. 

B  2 


*  No.  9.  A  Study  of  Output  in  Silk  Weaving 
during  the  Winter  Months.  (Textile  Series 
No.  3.)  Issued  by  H.M.  Stationery  Office, 
Imperial  House,  Kingsway,  London,  W.C. 
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The  working  day  was  divided  into  eight 
divisions,  four  occurring  before  the  lun- 
cheon hour  and  four  after,  and  the  output 
in  each  period  noted.  As  this  was 
continued  for  a  considerable  time,  it  was 
possible  to  trace  also  th<'  characteristics 
of  different  days  in  the  week,  and  to 
compare  results  in  successive  weeks  of 
work.  Two  methods  of  dealing  with  the 
work,  described  as  methods  A  and  B, 
were  adopted. 

In  method  A  an  addition  was  made' of 
all  the  picks  produced  in  a  period  ;  this 
number  was  divided  by  the  number  of 
looms  actually  producing  cloth,  and  an 
allowance  for  time  was  made  so  as  to 
render  the  results  representative  of  one 
hour's  work.  No  account  is  here  taken 
of  the  comparative  difficulty  of  working 
with  different  kinds  of  cloth,  and  to  meet 
this  objection  method  B  was  adopted, 
in  which  the  cloths  were  divided  into  five 
groups,  and  in  computing  output  due 
account  was  taken  of  the  relative  difficulty 
of  working  in  each  case. 

The  figures  obtained  for  the  first  three 
weeks  are  not  recorded.  Tabular  data 
for  the  subsequent  first  recorded  week  of 
working  were  very  consistent,  methods 


A  and  B  leading  to  substantia  11  v  the  same 
results.  Period  1  (7.30-8.30)  shows, 
as  is  usual  in  factories,  comparatively 
inefficient  results.  Some  time  is  needed 
for  operators  to  settle  to  work,  and 
artificial  lighting  is  used. 

During  the  second  period  output  rises. 
but  probably  normal  conditions  have  still 
not  yet  been  attained.  Period  3  should 
be  the  best  morning  period.  In  Period  4 
there  is  a  slight  diminution  in  results. 
due  partly  to  fatigue  and  probably  to 
unconscious  slackening  of  effort  before 
the  dinner  hour.  In  the  afternoon  there 
is  a  similar  cycle.  Period  5  is,  however, 
better  than  Period  1,  owing  to  the  fact 
that  artificial  light  is  not  used.  Period 
6  is  the  most  productive  period  in  the 
afternoon,  Period  7  should  be  a  highly 
productive  period  but  for  the  fact  that 
artificial  light  is  used  for  two-thirds  of  the 
time.  Period  8,  the  last  period  of  the 
day,  is  the  least  productive,  causes 
including  the  use  of  artificial  light, 
slackening  of  effort,  and  the  existence  of 
a  definite  state  of  fatigue. 

In  the  accompanying  table  the  average 
results  for  a  number  of  complete  working 
weeks  are  set  out. 


TABLE  I. 

Distribution  of  Output  for  all  Looms  during  various  Periods  of  the  Day. 


Period  of  Day. 

Weeks. 

1 

2 

3 

4 

."> 

6 

7 

8 

7.30 

8.30 

9.45     i       11 

1 

2 

3.15 

4.15 

to 

to 

to 

to 

to 

to 

to 

to 

8.30 

9.45 

11 

12 

2 

3.15 

4.5 

5.15 

f  4-  6 

430 

48-2 

51-5 

49-2          49-0 

52-5 

48-1 

41-5 

"  A  "       ^    7—  9 

47-7 

51-7 

54-0 

52-4 

51-6 

53-4 

53-4 

49-9 

[10— 12 

50-4 

54-3 

561 

55-2 

54-2 

55-3 

55-6 

49-8 

r  4-  e 

411 

47-6 

50-9 

49-2          48-4 

52-0 

46-9 

40-8 

"  B  "        ^7—9 

44-7 

49-7 

51-9 

50-3          49-3 

510 

50-9 

44-4 

[.10— 12 

46-0 

50-4 

51-9 

50-9          500 

1 

51-4 

51-6 

45-8 

Weeks. 

Use  of  Artificial  Light 

during  T 

hree  Periods. 

A.M. 

P.M. 

Hours.           Minutes. 

Hours. 

Minutes. 

4 —  6. . 

1                       9 

1 

25 

7—9.. 

1                        1 

— 

47 

10—12.. 

nil 

nil 
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The  table  shows  clearly  how,  during  the 
four  morning  periods,  the  output  rises 
sharply  after  the  first  period  but  shows 
a  slight  set-back  in  the  fourth  period 
before  the  dinner  hour.  In  the  afternoon 
for  the  first  three  periods  there  is  again  a 
rise,  but  less  pronounced,  while  for  the 
final  period  of  the  day  there  is  a  very 
marked  drop.  This  seems  to  show 
clearly  the  influence  of  the  use  of  artificial 
lighting  during  the  first  and  final  periods 
of  the  day.  What  is  particularly  to  be 
noted,  however,  is  that  the  low  values 
in  the  first  and  last  periods  of  the  day 
become  better  during  weeks  7-9,  when 
little  artificial  light  was  used,  and  very 
much  better  for  weeks  10-12,  when  no 
artificial  light  was  used. 

From  these  figures  it  is  possible  to  cal- 
culate directly  the  influence  of  artificial 
light  in  diminishing  output.  As  method 
B  was  regarded  as  the  best  test  of  output 


the  periods  of  artificial  light  of  the  order 
of  10  per  cent. 

The  loss  did  not  appear  to  be  due  to 
insufficient  electric  light.  Illumination 
at  the  cloth  fell  varied  from  3-35  foot- 
candles,  and  on  the  porry  from  5  to  3 
foot  candles.  It  is  worthy  of  note  that 
the  effect  of  working  under  artificial 
light  appears  to  persist  for  some  time 
afterwards  when  daylight  is  resumed. 
Possibly  the  slower  pace  at  which  work  is 
carried  out  by  artificial  light  is  uncon- 
sciously continued  in  natural  light  and 
acceleration  only  takes  place  gradually. 

Investigation  II. 
The  second  investigation  of  the  inquiry 
was  carried  out  in  an  old  silk  mill  in 
Cheshire,  where  work  of  an  intricate 
nature  on  coloured  silks  was  done.  The 
natural  lighting  was  from  windows  in  the 
walls.     The  central  looms  fared  badly  as 


TABLE  II. 
Distribution  of  Output  (90-minute  Averages)  during  Three  Consecutive  Periods. 


Weeks. 

Period. 

Morning. 

Afternoon. 

1 

2               3 

4 

5 

6 

1—  5  (Nov.  17— Dec.  20) 
7—11  (Dec.  29— Jan.  31) 
12—15  (Feb.  2— Feb.  28) 

35-0 
35-9 
36-4 

35-4          35-7 
37-8          37-1 
39-9          39-7 

36-3 
37-4 
38-7 

35-5          341 
37-2          34-7 
39-9          38-2 

it  was  considered  better  to  work  with  these 
figures  (though  method  A  would  give 
somewhat  similar  results).  The  differ- 
ences between  the  outputs  41"  1  and  46-0 
in  the  first  morning  period  and  between 
40"  8  and  45-8  in  the  last  afternoon  period 
would  appear  to  be  due  entirely  to  artifi- 
cial light.     We  therefore  get — 


46-411 
— jtj —  x  100  =  11  per  cent. 


and 


45-8  -  40-8 
45-8 


=  11  per  cent. 


as  the  percentage  loss  of  production  due 
to  working  by  artificial  light -in  the  two 
cases.  The  absolute  agreement  between 
the  calculations  is  probably  accidental, 
but  it  is  certain  that  there  was  a  consider- 
able fall  in  the  rate  of  production  during 


regards  the  amount  of  natural  light 
received,  and  a  high  building  opposite  one 
corner  interfered  greatly  with  access  of 
light.  Generally  the  natural  lighting  was 
uneven.  Each  loom  was  provided  with 
two  30-watt  lamps,  and  in  view  of  the 
fineness  of  the  work,  the  dark  texture  of 
material  and  the  uneven  natural  lighting, 
the  control  of  these  lamps  was  left  in  the 
hands  of  operators.  In  this  case  the 
working  day  was  divided  into  six  periods 
of  1£  hours  each,  three  in  the  morning 
and  three  in  the  afternoon. 

Typical  results  arc  given  in.  Table  II. 

It  will  at  once  be  observed  that  the 
course  of  events  here  is  somewhat 
different  from  that  recorded  in  Table  I. 
For  example,  in  the  first  row  of  figures 
there  is  no  marked  reduction  of  output 
in  the  first  period,   while  the  reduction 
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during  the  last  period  of  the  day  is  much 
less  than  was  recorded  in  the  first  investi- 
gation. As  we  proceed  to  the  later  weeks 
the  figures  as  a  whole  tend  to  rise,  the 
increase  occurring  first  in  the  middle 
periods  but  ultimately  applying  to  the 
whole  day,  so  that  once  again  the  un- 
favourable first  and  last  periods  are 
brought  into  nearer  agreement  with  the 
others. 

This  is  explained  as  follows  :  Because 
of  the  system  of  individual  control  of  the 
lights  it  was  not  possible,  as  in  Investi- 
gation I.,  to  record  the  period  of  the  day 
during  which  artificial  light  was  used. 
But  observations  during  November  and 
December  showed  that  artificial  light 
was  used  to  a  considerable  extent  in  these 
months,  even  during  the  middle  periods 
of  the  day.  From  December  onwards 
the  days  become  longer,  the  brightness 
of  the  daylight  increased,  and  the  neces- 
sity for  artificial  light  disappeared  first  in 
the  mid-periods  of  the  day.  (  onsequently 
the  rise  of  output  in  these  periods  was 
greater  than  in  the  end  periods.  The 
reason  for  the  big  increase  in  the  output 


in  the  last  period  of  the  day  for  February 
is  probably  to  be  found  in  the  bright  and 
stimulating  weather  which  was  experi- 
enced in  that  month.  The  arrangement 
of  the  figures  shows  clearly  that  produc- 
tion was  lost  when  artificial  lighting 
became  necessary. 

The  conclusions  of  the  whole  investi- 
gation, in  regard  to  artificial  lighting,  may 
be  summarised  as  follows  : — 

(1)  There  is  a  gradual  increase  in  the 
output  of  silk  weavers  during  the  period 
December  to  March,  occasioned  princi- 
pally by  the  reduction  in  the  length  of  the 
time  of  day  during  which  artificial 
lighting  i-  necessary,  and  to  a  smaller 
degree  by  the  disappearance  of  the 
depressing  influences  of  the  winter  months. 

(2)  Under  artificial  illumination  pro- 
duction falls,  even  if  electric  light  of 
sufficient  intensity  is  provided.  The 
magnitude  of  this  fall  is  of  the  order  of 
10  per  cent,  of  the  daylight  value  of 
the  rate  of  output.  Every  unnecessary 
hour  under  artificial  light  means  a  direct 
loss  of  production  and  makes  the  task  of 
the  worker  more  difficult  than  it  need  be. 


THE  CAUSATION  OF  BLINDNESS. 

We  are  informed  that  a  Committee  has 
been  appointed  by  the  Ministry  of  Health 
to  investigate  and  report  upon  the 
cause  of  blindness  as  well  as  of  defective 
sight  adequate  to  impair  economic 
efficiency,  and  to  suggesi  measures  for 
prevention.  The  following  have  been 
asked  to  serve  :  The  Rt.  Hon.  G.  H. 
Roberts.  M.P.  (Chairman),  Mr.  Stephen 
Walsh,  M.P..  Mr.  X.  Bishop  Harman, 
Mr.  J.  B.  Lawford.  Mr.  G.  F.  Mowatt, 
Mrs.  Wilton  Phipps,  Mr.  J.  Herbert 
Parsons  (representing  the  Royal  College 
of  Surgeons),  Dr.  James  Taylor  (repre- 
senting the  Royal  College  of  Physicians), 
Mr.  J.  C.  Bridge  (represent i:ig  the  Home 
Office),  Dr.  A.  Eichholz  (representing  the 
Board  of  Education),  Mr.  J.  S.  Nicholson 
(representing  the  Ministry  of  Labour), 
Mr.  W.  M.  Stone  (representing  the  Scottish 
Office),  Mr.  E.  D.  Macgregor  (representing 
the  Ministry  of  Health).  A  representative 
of  the  Medical  Research  Council  will  be 
appointed  later.  Joint  Secretaries  are  as 
follows :  Dr.  R.  A.  Farrar  and  Mr. 
P.  N.  R.  Butcher,  Ministry  of  Health, 
Whitehall,  S.W.I. 


®bttuar\>. 


DR.  W.  P.  NUEL. 

We  regret  to  record  the  death 
of  Dr.  W.  P.  Nuel,  who  passed 
away  at  Liege  on  August  21st. 
Dr.  Nuel  held  the  professorship  of 
ophthalmology  and  physiology  of 
the  senses  at  Louvaine  University, 
and  was  one  of  the  founders  of  the 
Belgian  Ophthalmological  Society. 
He  was  keenly  interested  in  the 
hygienic  aspects  of  lighting  and 
took  part  in  various  international 
congresses  where  this  subject  was 
discussed.  As  a  corresponding 
member  of  the  Illuminating  Engi- 
neering Society,  Dr.  Nuel,  only  a 
few  months  ago,  afforded  valuable 
help  to  the  Society  in  obtaining 
particulars  of  researches  on  the 
relation  between  inadequate  light- 
ing and  nystagmus  in  the  mines  of 
Belgium. 
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THE  ANNUAL  REPORT  OF  H.M.  CHIEF 
INSPECTOR  OF  FACTORIES  (1919). 

The  Annual  Report  of  the  Chief  Inspector 
of  Factories  for  the  past  year  contains 
much  interesting  information  and  is 
arranged  in  a  somewhat  different  form 
from  that  customary  a  few  years  ago. 
After  the  usual  introductory  statement  of 
the  Chief  Inspector,  there  follow  a  series 
of  twelve  sections  dealing  respectively 
with  Industrial  Develojmients  and  State 
of  Trade,  Safety,  Dangerous  Trades,  Use 
of  Electricity  in  Factories,  Sanitation, 
Industrial  Diseases,  Twister's  Disability 
in  the  Cotton  Trade,  Welfare  in  Factories 
and  Workshops,  Ambulance  and  First 
Aid,  Employment  and  Hours  of  Work, 
Night  Employment  of  Young  Persons, 
The  Silk  Industry  and  Joint  Industrial 
Councils  and  Trade  Boards. 

The  need  for  safety  appliances  and 
"  safety  first "  methods  is  strongly 
emphasised  throughout  the  report,  and  it 
is  encouraging  to  see  that,  on  the  whole, 
employers  and  workers  alike  seem  to  be 
taking  a  keen  interest  in  such  measures, 
while  in  many  factories  safety  committees 
have  been  formed. 

Fatal  accidents  increased  from  1,287 
in  1914  to  1,385  in  1919,  while  non-fatal 
accidents  fell  off  from  158,585  to  124,632. 
In  view  of  the  great  trade  activity  during 
the  year  the  latter  result  is  unexpected, 
and  it  appears  probable  that  while  fatal 
accidents  have  been  fully  reported  there 
has  been  laxity  in  reporting  non-fatal 
ones.  A  feature  of  the  year's  work  has 
been  the  issue  of  a  number  of  pamphlets 
dealing  with  canteens,  welfare  work, 
safety  methods,  etc.  Reference  is  made 
to  the  International  Labour  Conference 
at  Washington  which  was  attended  by 
Mr.  Bellhouse,  Dr.  Legge  and  Miss 
Constance  Smith,  as  advisers  to  the 
British  Government  delegates.  Sir  Mal- 
colm Robinson  relinquished  his  appoint- 
ment as  Chief  Inspector  at  the  end  of 
1919,  his  place  being  taken  by  Mr.  R.  E. 
Graves. 

Of  special  interest  to  readers  of  this 
journal  is  the  chapter  on  Sanitation  by 
Mr.  C.  F.  Wright  and  Miss  Slocock.  It  is 
remarked  that  there  is  evidence  of  pro- 
gress, both  in  lighting  by  gas  and  elec- 
tricity. Ceiling  (indirect)  lighting  appears 
to  be  coming  into  more  general  use.  Arc 
lamps   are   being  replaced   by   gas-filled 


("  half  watt '")  lamps,  hut  proper  methods 
of  shading  are  of  vital  importance  in 
order  to  eliminate  glare.  Electric  and 
incandescent  gas  lights  now  receive  more 
attention  from  the  staff  and  better  adjust- 
ment of  light  to  work  is  often  noted.  Mr. 
Eraut  ( Belfast)  comments  on  the  improved 
lighting  in  linen-weaving  sheds  and  in 
handkerchief  and  embroidery  work.  It 
is  remarked :  "  The  concentration  of 
light  on  the  cloth  is  effected  by  means 
of  carefully  shaded  electric  lamps  whereby 
the  worker  is  protected  from  the  glare, 
the  reed  space  being  thoroughly  illumin- 
ated, and  at  the  same  time  sufficient 
lighting  is  provided  in  the  gangways.  In 
fine  stitching  it  is  obvious  that  a  very 
efficient  system  of  lighting  is  essential  if 
the  eyes  of  workers  are  not  to  be  strained, 
and  this  is  being  secured  by  means  of 
lamp  shades  with  a  very  acute  cone  angle 
which  concentrates  the  light  on  the  work 
immediately  under  the  machine  needle 
and  leaves  the  worker's  face  shaded." 

The  high  accuracy  demanded  in  work 
in  many  factories  in  Coventry  and  Rugby 
likewise  makes  good  lighting  imperative, 
and  here  overhead  illumination  is  common. 
The  introduction  of  a  concentrated  form 
of  lighting  is  reported  in  the  Norwich 
boot  factories,  lamps  being  carefully 
shaded  and  attached  to  standards  affixed 
to  the  table.  As  an  instance  of  bad 
lighting,  Miss  Sanderson  refers  to  a  cloth- 
ing factory  where  all  the  lamps  were  hung 
about  5 1  feet  above  the  floor  level.  The 
firm  had  bought  new  shades  in  the  hope 
of  relieving  eyestrain,  but  when  she 
pointed  out  that  even  with  these  shades 
the  greater  portion  of  the  bulb  of  the 
lamp  would  still  project  below  the  shade, 
the  firm  discarded  them  and  bought 
others  of  a  deeper  shape  ;  even  so  it  was 
found  impracticable  to  shade  all  the  lights 
satisfactorily  without  unduly  darkening 
the  room.  This  case  is  mentioned  as 
illustrating  the  necessity  of  providing 
separate  general  illumination  besides  the 
lighting  of  individual  machines  or  parts 
of  the  work. 

Attention  is  also  drawn  to  the  effect  of 
brighter  decoration  for  factories  and 
workshops.  The  customary  whitewashed 
walls  with  a  dark  or  black  dado  have  an 
effect  of  monotony.  A  well-chosen  colour 
would  do  much  to  improve  the  general 
appearance  of  the  works,  and  provide  more 
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restful  conditions  without  undue  inter- 
ference with  the  light.  Cases  are  men- 
tioned of  several  works  where  care  was 
given  to  this  point.  Thus  in  certain  textile 
factories  ironwork  has  been  painted  in 
bright  and  contrasting  colours  with 
excellent  efffct,  coupled  with  scrupulous 
cleanliness  of  walls,  floors  and  staircases 
and  the  polishing  of  all  metal  work.  This 
had  quite  a  striking  influence  on  the 
general  impression  created  by  the  room. 
Improvements,  however,  do  not  take 
place  automatically  but  are  the  result  of 
constant  effort.  Unfortunately  it  seems 
that  in  some  industries  the  standard  of 
cleanliness  has  been  lowered  during  the 
war,  and  in  some  of  the  small  workshops 
in  the  East  London  cleaning  of  walls, 
ceilings,  etc..  is  apt  to  lie  much  neglected. 

THE    ILLUMINATION    OF    FACTORIES 

AND  WORKSHOPS. 
At  the  opening  meeting  of  the  Loudon 
Association  of  Foremen  Engineers,  on 
September  4th.  a  lecture  on  the  above 
subject,  illustrated  by  lantern  slides,  was 
delivered  by  Mr.  L.  Gaster.  After  sum- 
marising developments  in  illuminating 
engineering  during  recent  years.  Mr. 
Gaster  proceeded  to  explain  the  principles 
underlying  successful  factory  lighting. 
Special  stress  was  laid  on  the  need  for 
proper  maintenance  arrangements,  involv- 
ing the  regular  cleaning  and  replacing  of 
lamps,  etc. — a  matter  which  frequently 
rested  in  the  hands  of  foremen  engineers. 
The  part  played  by  measurements  of 
illumination,  in  enabling  an  idea  to  lie 
gained  of  the  conditions  existing  in 
different  classes  of  workshops,  was  ex- 
plained, and  the  importance  of  scientifi- 
cally designed  shades  and  reflectors 
illustrated.  A  warning  was  given  against 
the  introduction  of  lamps  for  which 
reflectors  are  unsuited,  such  that  the 
filaments  either  project  or  are  withdrawn 
into  the  remote  interior  of  the  reflector, 
thus  materiallv  altering  the  distribution 
of  light. 

Mr.  Gaster  traced  the  development  of 
interest  in  industrial  lighting,  and  the 
steps  that  had  led  to  the  present  recogni- 
tion of  its  value  in  the  interests  of  health, 
safety  and  efficiency.  An  account  was 
given  of  the  conclusions  set  out  in  the 
report  of  the  Home  Office  Departmental 
Committee  on  Lighting  in  Factories  and 


Workshops,  and  of  the  various  industrial 
codes  in  use  in  the  United  States.  The 
hope  was  expressed  that  the  recommenda- 
tion of  the  above  Committee,  in  favour 
of  a  general  statutory  provision  in  this 
country  requiring  adequate  lighting  in 
factories,  would  now  be  carried  into  effect 

THE   ARTIFICIAL  ILLUMINATION  OF 
OPTICAL  TEST-CHARTS. 

A  report  recently  issued  by  a  Joint 
Committee  representing  the  Illuminating 
Engineering  Society  in  the  United  States 
and  the  American  Ophthalmologic^ 
Society,  recommends  that  optical  test- 
cards  used  in  testing  vision  should  be 
illuminated  by  a  source  possessing,  as 
nearly  as  possible,  the  quality  of  day- 
light. This,  it  is  suggested,  can  be  done 
by  using  the  special  Corning  "  daylite 
glass,  either  with  gas  or  electric  lamps. 
As  8  suitable  equipment  for  the  consulting 
room  two  72-watt  "  daylite  "  lamps  are 
recommended.  The  lamps  are  arranged 
in  a  rectangular  box.  the  front  of  which 
contains  a  removable  plate  of  frosted 
glass,  while  behind  the  lamps  there  is  a 
concave  white  surface,  acting  as  a  reflec- 
tor. The  illumination  of  the  test-card 
and  the  angle  of  inclination  of  the  light 
can  he  adjusted  by  varying  the  distance 
and  position  of  the  box. 

In  outlining  the  required  conditions  in 
tests  of  this  nature  it  is  remarked  that 
the  illumination  of  the  chart  should  be 
uniform  and  the  intensity  of  the  light 
should  represent  the  maximum  of  the 
range  through  which  illumination  may 
vary  without  materiallv  influencing  the 
visibility  of  test-objects.  Further,  the 
direction  at  which  light  strikes  the  chart 
must  be  such  that  there  is  no  direct 
reflection  of  light  perpendicularly,  i.e., 
towards  the  observer.  Two  other  funda- 
mental requirements  are :  (a)  the  sur- 
roundings must  be  of  a  subdued  hue  and 
of  an  order  of  brightness  not  greater  than 
that  of  a  light  grey  surface  when  receiving 
an  illumination  equal  to  that  on  the  test- 
card,  and  (b)  the  chart  and  patient  must  be 
so  arranged  that  no  light-source,  window 
or  other  spot  of  light  shall  be  visible 
to  the  patient  when  viewing  the  chart. 

Further  recommendations,  now  being 
prepared,  will  deal  with  the  conditions  of 
illumination  best  suited  to  perimeter- 
measurements. 
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THE   "SAFETY   FIRST"   CONFERENCE. 


(Held  at  Olympia,  September  22nd,  1920.) 


A  number  of  papers,  dealing  with  various 
aspects  of  "  Safety  First  "  methods  were 
presented  at  the  Conference  at  Olympia 
on  September  22nd.  Mr.  G.  N.  Barnes, 
M.P.,  presided  at  the  morning  session,  in 
the  unavoidable  absence  of  the  Home 
Secretary,  and  Lord  Leverhulme,  Presi- 
dent of  the  British  Industrial  "  Safety 
First  "  Association,  during  the  afternoon. 

Mr.  Gerald  Bellhouse,  C.B.E.  (Deputy 
Chief  Inspector  of  Factories),  in  an 
opening  paper,  discussed  the  returns  of 
accidents  for  the  past  year,  which  included 
1.384  fatal  accidents,  40,056  accidents  due 
to  machinery,  and  84,582  non-machinery 
cases.  These  were  serious  figures  .which 
could  not  be  viewed  with  equanimity, 
especially  as  many  accidents  were  not 
reportable  to  the  Inspector  and  were 
accordingly  not  included.  A  significant 
fact  was  that  one-third  of  reported  acci- 
dents was  not  due  to  machinery  at  all, 
but  rather  to  negligence,  carelessness  and 
want  of  instruction.  Such  cases  cannot 
be  met  by  stricter  observance  of  an  Act 
of  Parliament,  but  they  can  be  enormously 
reduced  by  the  voluntary  efforts  of 
employers  and  employees.  In  this  con- 
nection Mr.  Bellhouse  gave  some  striking 
figures  showing  what  had  already  been 
done  by  large  American  concerns.  After 
12  years'  experience  in  America  the 
opinion  has  been  formed  that  by  a  proper 
safety  organisation  75  per  cent,  of  acci- 
dents could  be  eliminated  in  industry. 
In  conclusion,  Mr.  Bellhouse  gave  a  brief 
analysis  of  the  essential  features  of  a 
successful  safety  organisation. 

Mr.  G.  Stevenson  Taylor,  who  followed, 
discussed  in  detail  the  construction  of 
safeguards  for  machinery,  pointing  out 
the  need  for  solid  construction  and 
avoidance  of  flimsy  material  :  many 
machine-tool  makers  now  embody  pro- 
perly designed  guards  as  an  integral  part 
of  the  machine.  Dr.  John  Bridge,  in 
dealing  with  first-aid  in  factories,  re- 
marked that  the  lighting  and  tempera- 
ture of  workrooms  had  a  great  influence 
on  the  accident  rate,  and  had  not  yet 


received  the  attention  they  deserved — 
more  especially  lighting,  which  was  also 
an  important  factor  in  the  production  of 
eyestrain  and  headache  amongst  workers. 
Great  importance  must  be  attached  to 
the  prompt  treatment  of  injuries,  in- 
cluding small  cuts  and  abrasions,  with 
a  view  to  preventing  possible  septic- 
inflammation.  Small  wounds,  if  not  so 
treated,  may  develop  into  serious  cases. 
Mr.  G.  Havinden  contended  that  the 
prevention  of  accidents  was  only  part  of 
the  duty  of  the  Safety  First  movement  ; 
care  must  also  be  devoted  to  the  health 
of  workers.  In  particular  it  is  essential 
to  arouse  the  interest  of  the  worker  as 
well  as  the  employer.  Already  employers 
realising  the  importance  of  hygienic  con- 
ditions in  their  workshops  have  given 
thought  to  questions  of  lighting,  heating, 
ventilation,  sanitation,  etc.  ;  but  all  such 
provisions  may  be  defeated  by  the 
inertia  of  the  working  force.  Mr.  Havinden 
accordingly  suggested  measures  (notices, 
lectures,  working  committees,  etc.)  for 
bringing  these  matters  before  the  notice 
of  workers. 

Mr.  C.  K.  Atkinson.  Welfare  Super- 
intendent at  Port  Sunlight,  described  the 
educational  measures  undertaken  for 
Messrs.  Lever  Brothers.  Ltd.  Bulletin 
boards,  safety  notices,  etc..  were  dis- 
tributed throughout  the  factory.  All  em- 
ployees, during  their  first  week  of  engage- 
ment, are  assembled  and  addressed  on  the 
subject  of  safety  rules,  waste  prevention, 
habits,  etc.  Luminous  signs  are  hung 
above  all  railway  tracks  at  frequent 
intervals,  and  at  all  crossings  near  cranes, 
etc.  Every  accident,  however  trivial,  is 
reported  to  the  Ambulance  Brigade. 
Posters  showing  the  position  in  regard  to 
accidents  in  comparison  with  the  corres- 
ponding period  in  the  previous  year  are 
exhibited  in  the  works.  During  the  first 
half  of  the  present  year  a  substantial 
reduction  of  20  per  cent,  has  been  made. 
Mr.  E.  Hoult  (Edgar  Allen  &  Co.)  and  Mr. 
G.  Ralph  (British  Thomson-Houston  Co., 
Ltd.)     likewise     described     the     safety 
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measures  employed  in  their  respective 
factories,  a  feature  in  the  latter  case  being 
the  careful  way  in  which  accidents  are 
tabulated  and  analysed.  Further  com- 
munications were  read  by  Mr.  H.  8. 
Burn  (Thos.  Firth  &  Sons)  and  Capt. 
Ingall  (Loders  &  Nucoline,  Ltd.). 

The  final  paper,  read  by  Mr.  L.  Gaster, 
dealt  with  "  Lighting  as  aid  to  Safety." 
Mr.  Gaster  remarked  that  there  was  no 
trade  or  industry  that  was  not  more  or 
less  dependent  on  artificial  light.  Good 
industrial  lighting  was  amply  justified  on 
economic  grounds  as  well  as  essentia]  in 
the  interests  of  humanity.  Figures  were 
quoted  to  show  how  improved  lighting 
diminishes  accidents  as  well  as  leading  to 
more  rapid  and  efficient  work.  Fuller 
statistics  were,  however,  needed,  and  he 
hoped  that  Industrial  Councils.  Safety 
Committees,  and  managers  and  foremen 
would  make  a  practice  of  recording 
accidents  due  to  faulty  lighting,  so  that 
the  defects  could  be  eliminated.  The 
matter  was  also  of  direct  interest  to 
insurance  companies,  who  might  offer 
more  favourable  rates  to  factories  con- 
sidered   to     be     properly    lighted.     Mr. 


Gaster  also  referred  to  the  proceedings 
at  the  Brussels  Congress  of  the  Royal 
Institute  of  Public  Health  last  May. 
when  it  was  stated  by  an  inspector  with 
special  knowledge  of  the  shipbuilding 
industry  that  the  operation  of  the 
Summer  Time  Act  had  led  to  a  marked 
diminution  in  the  number  of  accidents. 
This  showed  the  need  for  further  im- 
provements in  artificial  lighting.  In 
conclusion,  Mx.  Gaster  paid  a  tribute 
to  the  sympathetic  attitude  taken  by 
the  Home  Office  in  regard  to  industrial 
lighting,  and  expressed  the  hope  that  the 
recommendation  that  there  should  be 
statutory  powers  to  demand  adequate 
lighting  would  be  carried  into  effect 
before  very  long.  In  the  educational 
work  involved  in  this  step  such  bodies  as 
the  Illuminating  Engineering  Society  and 
the  British  Industrial  Safety  First  As- 
sociation would  doubtless  be  glad  to 
participate. 

Lord  Leverhulme.  in  closing  the  dis- 
cussion, expressed  his  full  agreement  with 
the  views  expressed  in  Mr.  Gaster's  paper; 
and  a  vote  of  thanks  to  the  Chairman 
terminated  the  proceedings. 


CALORIFIC    VALUE    AND  THE  EFFI- 
CIENCY OF  GAS  BURNERS. 

I  x  a  paper  read  before  the  Manchester  and 
District  Junior  Gas  Association,  Mr.  J.  H. 
Dawe  discussed  some  of  the  results  of 
using  low-grade  gas,  referring  more  par- 
ticularly to  its  effect  on  domestic  cooking 
appliances.  Some  data  were  also  given 
for  incandescent  gas  burners,  and  a  series 
of  photographs  were  presented  to  show 
the  effect  on  mantles  supplied  respectively 
with  gas  of  290,  468  and  635  B.Th.U.'s. 
Observations  showed  that  the  illumina- 
tion with  the  incandescent  mantles  was 
the  same  ;  with  flat-flames,  as  the  photo- 
graph clearly  showed,  the  flame  was  much 
smaller  and  less  luminous  with  the  low- 
grade  gas.  The  new  conditions,  involving 
use  of  low-grade  gas,  will  therefore  favour 
still  more  the  use  of  incandescent  burners 
to  the  exclusion  of  flat-flames. 


RADIATION     FROM     A     PERFECTLY 
DIFFUSING    CIRCULAR    DISC. 

Ix  a  contribution  which  has  recently 
appeared  in  the  Proceedings  of  the 
Physical  Society,  Mr.  J.  W.  T.  Walsh 
treats  mathematically  the  light  received 
from  a  perfectly  diffusing  circular  disc  by 
another  parallel  and  coaxial  disc  of  given 
diameter  placed  at  a  given  distance  away. 
The  conclusions  have  a  bearing  on  the 
obscuration  occurring  when  a  shadow 
is  cast  by  the  negative  electrode  used  in 
the  searchlight  beam.  It  would  appear 
that  in  general  little  advantage  is  gained 
by  inclining  the  negative  electrode,  as 
compared  with  the  use  of  axial  carbons, 
unless  the  negative  carbon  is  very  bulky 
or  is  so  increased  as  to  bring  the  obscuring 
object  outside  the  angle  embraced  by 
the  searchlight  mirror. 
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THE   STANDARDISATION   OF  REFLECTORS   FOR   INDUSTRIAL  LIGHTING.* 


In  view  of  the  variety  of  industrial  units 
now  available  it  is  natural  that  efforts 
should  be  made  to  produce  standard 
forms  of  reflectors  for  general  use,  and 
success  is  naturally  dependent  on  also 
securing  standard  dimensions  for  the 
lamps  used  with  the  reflector.  A  light- 
ing unit  of  this  description,  recently 
described  by  Mr.  Ward  Harrison  in  the 
United  States,  is  therefore  of  interest. 

Numerous  types  of  porcelain  ena- 
melled reflectors  are  in  use,  the  three  most 
common  types  being  the  flat  cone,  deep 
bowl  and  shallow  dome.  The  flat  cone 
is  not  in  general  to  be  recommended.  A 
higher  illumination  can  be  obtained  with 
other  types  and  as  the  edge  of  the  reflector 
falls  at  or  above  the  centre  of  the  filament 
there  will  be  inconvenient  glare,  except 
when  such  units  are  used  in  very  high 
rooms  ;  in  this  case,  however,  the  waste 
of  light  is  very  great.  Various  forms  of 
"  glare-shields  "  have  been  attached  to 
such  reflectors,  but  the  use  of  these 
ring  devices  means  that  the  reflecting 
area  is  small  and  shadows  are  pronounced. 
Such  shields  are  regarded  as  emergency 
measures  only. 

Deep  or  bowl  reflectors  give  maximum 
shielding  of  the  lamp  filament  and  have 
been  widely  used.  The  output  of  typical 
reflectors  of  this  type  is  not  more  than 
65  per  cent.  Surfaces  above  the  level 
of  such  reflectors  are  apt  to  receive  an 
unduly  low  illumination  and  appear 
undesirably  dark.  Reflectors  inter- 
mediate between  the  above  two  types 
may  reflect  75-80  per  cent,  of  the  light 
from  the  lamp  and  the  large  area  tends 
to  soften  shadows.  However,  with  gas- 
filled  lamps  the  protection  from  glare  may 
be  inadequate. 

The  "  RLM  "  reflector  now  described 
is  intended  to  combine  the  advantages 
of  both  types.  It  provides  (a)  a  durable 
and   efficient   reflecting   surface  ;     (b)    a 

*  "  The  RLM  Standard  Reflector  for  In- 
dustrial Lighting,"  by  Ward  Harrison  (Trans. 
111.  Eng.  Soc,  U.S.A.,  Aug.  30,  1920). 


contour  which  ensures  effective  light 
distribution,  and  (c)  a  depth  which  will 
cut  off  the  filament  centre  from  view 
at  an  angle  of  72^  degrees  from  the 
vertical  axis,  thus  reducing  glare. 


General  view  of  "  RLM  "  Reflector. 

As  a  means  of  making  tests  on  this  and 
other  reflectors  the  author  described  an 
interesting  device  termed  a  "  reflector 
photometer."  The  photometer  has  a 
concave  reflecting  surface  of  plaster  of 
Paris  in  the  centre  of  which  is  mounted  a 
concentrated  filament  miniature  lamp 
supported  by  a  plaster  of  Paris  standard. 
The  standard  is  so  located  that  when  the 
reflector  is  placed  over  the  photometer 
this  lamp  falls  in  the  same  position  with 
regard  to  the  reflector  as  does  the  centre 
of  the  lamp  filament  when  the  reflector  is 
in  ordinary  use.  The  miniature  lamp  is 
partly  surrounded  by  a  plaster  of  Paris 
shield  so  as  to  cut  off  all  direct  light  which 
would  otherwise  fall  on  the  interior 
of  the  photometer. 


Photometric  Device  for  Comparing  the  Efficiency 
of  Reflector?. 
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A 
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A  ,,  Excellent. 

B-f-  ,,  Very  Good. 


B       indicates     Good. 
C+  „  Fair. 

C  „  Weak. 


D     indicates     Condemned. 


When  the  reflector  is  placed  in  position 
above  the  photometer  all  the  light  is 
reflected  down  into  the  plaster  of  Paris 
area,  but  a  small  portion  finds  its  way 
out  to  a  window  in  the  side  of  the  box, 
where  it  illuminates  a  translucent  screen. 
The  brightness  of  this  screen  serves  as  an 
indication  of  the  amount  of  light  emitted 
downwards  by  the  reflector  studied. 
It  is  tested  by  comparison  with  the  light 
yielded  by  a  second  miniature  lamp 
mounted  near  the  window.  As  both 
lamps  are  run  off  the  same  voltage  no 
voltmeter  or  other  instruments  are 
needed. 

By  this  apparatus  different  forms  of 
reflectors  may  be  tested,  or  different 
kinds  of  surfaces  used  within  a  reflector 
of  given  contour.  Particulars  are  also 
given  of  the  light  distribution  from  the 
"  RLM "  reflector.  In  a  typical  case, 
69  per  cent,  of  the  light  from  the  lamp 
is  reflected  downwards.  For  the  best 
results  clear  bulb  gas-filled  lamps  should 
not  be  used  with  "  RLM "  standard 
dome  reflectors  at  mounting  heights  of 
less  than  20  feet.  For  some  reflectors  a 
special  bowl-enamelled  lamp  has  been 
devised.  This  enamelling  of  the  lower 
part  of  the  bulb  makes  the  unit  virtually 
a  semi-indirect  bowl.    It  is  stated  to  resist 


mechanical  abrasion  and  to  be  proof 
against  acid  fumes,  and  to  present  a 
smooth  surface  which  does  not  allow 
dust  to  collect  readily. 

In  conclusion,  some  comparative  data 
comparing  this  with  other  forms  of 
reflectors  are  given.  These  are  repro- 
duced in  the  accompanying  table. 


ILLUMINATION  AND  SAFETY. 

We  observe  that  on  October  22nd  the 
New  York  Section  of  the  Illuminating 
Engineering  Society  (U.S.A.)  and  the 
American  Society  of  Safety  Engineers 
are  meeting  in  New  York  with  a  view  to 
holding  a  joint  discussion  on  "  Illumina- 
tion and  Safety."  An  address  on  "  The 
Elements  of  Good  Industrial  Lighting  " 
will  be  delivered  by  Mr.  S.  E.  Doane, 
and  Mr.  S.  A.  Hibben  will  deal  with 
"  Industrial  Lighting  Equipment  and  its 
Maintenance."  We  are  glad  to  note  that 
the  part  played  by  good  lighting  in  fac- 
tories as  a  safeguard  against  accidents 
is  thus  being  brought  before  the  notice  of 
safety  engineers. 
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DEPARTMENT  FOR  SCIENTIFIC  AND  INDUSTRIAL  RESEARCH :    REPORT  OF 
THE  COMMITTEE  OF  THE  PRIVY  COUNCU.  FOR  1919-20.* 


The  Annual  Report  of  the  Department 
for  the  past  year  is  a  comprehensive 
publication,  and  it  is  evident  that  its 
work  is  expanding  steadily.  After  the 
introductory  reports  of  the  Committee  of 
Council  and  the  Advisory  Council  there 
are  three  further  sections  dealing  re- 
spectively with :  I.  Industrial  Research 
Associations  ;  II.  National  Research  and 
Development  of  Research  in  and  for  the 
Empire  ;  and  III.  Aided  Research, 
Patents,  Publications  of  Learned  Societies. 
The  total  expenditure  during  the  year 
has  been  £330,176  2s. 

An  important  new  step  is  the  co-ordina- 
tion, in  connection  with  the  Department, 
of  all  research  work  of  common  interest 
to  the  fighting  services,  in  which  three 
principal  boards  are  concerned.  A  new 
building,  adjacent  to  the  National 
Physical  Laboratory,  is  to  be  devoted  to 
Radio-Research.  The  Boards  dealing 
with  Fuel  Research,  Food  Investigation, 
Tin  and  Tungsten  Research  have  made 
good  progress,  and  there  are  seventeen 
other  researches  being  conducted  by  the 
Department.  There  are  also  now  eighteen 
research  associations  connected  with 
various  industries — double  the  number 
existing  last  year.  Twelve  patents  have 
been  taken  out  by  the  Trust  in  con- 
junction with  inventors.  It  is  interesting 
to  observe  that  the  highly  important 
question  of  methods  of  dealing  with 
inventions  made  by  workers  aided  or 
maintained  from  public  funds  "  so  as  to 
give  a  fair  reward  to  the  inventor  and 
thus  encourage  further  effort  "  is  being 
dealt  with  by  an  Inter-Departmental 
Committee. 

Aid  has  been  given  to  20  scientific 
investigations  (including  such  subjects  as 
glass  technology,  hard  porcelain,  technical 
optics,  atmospheric  conditions  in  mines, 
etc.)  conducted  by  other  bodies:  159 
grants  have  been  made  to  individual 
researchers,  the  expenditure  being  £26,700 
as  compared  with  £12,661  Is.  Id.  during 

*  Cmd.  905.  1/-  net,  Published  by  H.M. 
Stationery  Office,  Imperial  House,  Kingsway. 
London,  W.C.  2.     pp.   120. 


1918-19.  For  1920-21,  £-15,000  is  ex- 
pected to  be  thus  expended  and  the 
number  of  individual  workers  is  steadily 
increasing.  It  is  laid  down  that  these 
researches  must  be  of  a  kind  intended  to 
benefit  science  as  a  whole  ;  researches  of 
immediate  industrial  value  are  differently 
treated. 

Another  matter  of  importance  is  the 
increased  cost  of  scientific  publications. 
On  several  occasions  important  scientific 
documents  have  been  issued  through  the 
Stationery  Office,  but  this  is  no  substitute 
for  the  increased  support  needed  by 
scientific  bodies  in  order  to  make  results 
of  research  public  on  the  same  scale  as 
before  the  war.  The  Department  would 
welcome  common  action  by  scientific 
societies  with  a  view  to  presenting  a 
definite  statement  to  the  Government  in 
regard  to  possible  temporary  assistance 
to  scientific  societies  during  the  present 
period  of  unsettled  prices. 

It  is  only  possible  to  mention  briefly 
a  few  of  the  many  researches  in  progress. 
The  experiments  being  conducted  ;:t  the 
East  Greenwich  Research  Station  by  the 
Fuel  Research  Board  are  of  obvious 
importance.  The  study  of  different 
varieties  of  coal  and  their  carbonisation 
at  temperatures  of  from  500°  C.  to 
1300°  C.  has  an  added  interest  in  view  of 
the  new  method  of  charging  for  gas  on 
the  basis  of  the  number  of  thermal  units. 
Other  inquiries  relate  to  the  use  of  peat 
and  pulverised  coal,  and  the  production 
of  alcohol  for  industrial  purposes.  In 
connection  with  the  preservation  of  food, 
interesting  data  are  being  obtained  on 
the  changes  that  take  place  in  meat  and 
fish  after  death  and  in  the  living  tissues 
of  fruit  in  the  process  of  ripening.  It 
appears  that  such  changes  may  progress 
at  a  relatively  low  temperature  and  the 
whole  question  is  of  great  importance  in 
connection  with  cold  storage.  A  special 
low -temperature  research  station  at 
Cambridge  University  is  now  contem- 
plated. 

A  number  of  the  leading  industrial 
research    associations    are    arranging    to 
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build  and  equip  special  research  labora- 
tories, and  in  many  cases  a  systematic 
tabulation  of  information  and  literature 
bearing  on  the  respective  industries  is 
being  undertaken.  Meantime  the  Bureau 
of  Records,  under  the  Department,  is 
already  attempting,  on  a  limited  scale, 
to  aid  in  the  exchange  of  technical 
information  and  prevent  the  duplication 
of  work  by  different  bodies. 

Experimental  investigations  are  being 
conducted  in  mine-rescue  apparatus  and 
the  conditions  in  deep  and  hot  mines. 
The  Oxygen  Research  Committee  is 
studying  the  production  and  transport  of 
oxygen  and  its  applications  as  an  aid  to 
observers  at  high  altitudes — for  example, 


as  an  accessory  to  be  used  by  an  expe- 
dition to  climb  Mt.  Kamet  in  the  Hima- 
layas. Other  materials  being  studied 
include  timber  and  building  materials, 
lubricants,  adhesives,  various  metals  and 
optical  glass.  A  Committee,  formed 
under  the  British  Scientific  Instrument 
Research  Association,  is  studying  Anti- 
Glare  Glass.  Some  interesting  facts  are 
mentioned  regarding  researches  at  the 
British  Museum  and  the  National  Portrait 
Gallery.  Here  the  presence  of  objects 
2,000  or  more  years  old  offers  special 
opportunities  of  acquiring  knowledge  of 
such  matters  as  the  decay  of  metals  with 
age,  the  preservation  of  varnishes,  and 
the  removal  of  incrustations,  etc. 


DISTRIBUTION-PRESSURES  FOR 
ELECTRICAL    DOMESTIC    SUPPLY. 

In  a  recent  contribution  to  the  Electrical 
Review  Mr.  C.  H.  Wordingham  contends 
that  the  ultimate  development  in  domestic 
electrical  supply  must  be  in  the  direction 
of  much  lower  pressures.  The  argument 
is  based  mainly  on  the  consideration  that 
in  future  electricity  should  be  applied  to 
many  other  domestic  uses  besides  lighting, 
but  much  that  Mr.  Wordingham  urges  is 
also  of  interest  in  regard  to  illumination. 
In  the  future  it  seems  likely  that  alter- 
nating current  will  be  much  more 
generally  used  than  at  present,  in  view 
of  the  ease  with  which  it  can  be  trans- 
formed up  and  down  for  transmission 
purposes. 

Now  experience  shows  that  while  for 
normal  individuals  220  volts  direct  is  safe, 
alternating  current  of  this  pressure  has 
caused  death,  and  must  be  considered 
potentially  dangerous.  Accordingly  it 
seems  injudicious  to  suggest  that  this 
pressure  should  be  led  into  nurseries, 
kitchens,  bedrooms,  etc.,  and  handled 
freely  for  other  purposes  than  lighting. 
But  50  volts  or  even  100  volts  can  be 
regarded  as  safe. 

It  appears,  therefore,  that  in  future  we 
shall  see  a  return  to  lower  pressures  in  the 
consumers'  dwellings,  though  distribution 
may  be  effected  at  much  higher  pressures 
than    at    present,    possibly    2,000-3,000 


volts.  At  the  consumers'  premises  this 
must  be  converted  to  50  or  100  volts. 
Only  very  large  users  would  have  a 
special  transformer  for  their  personal  use. 
The  usual  practice  will  probably  be  to 
attach  several  houses,  or  perhaps  an 
entire  street,  to  one  local  transformer. 

Another  consideration  that  favours  the 
use  of,  say,  50  volts  is  the  gain  in  simplicity 
in  wiring,  which  could  be  done  much  more 
economically.  Such  a  safe  voltage  also 
makes  flexible  connections  much  more 
judicious  than  at  present,  though  there  is 
certainly  room  for  improvement  in  the 
conventional  methods  of  connecting  such 
appliances.  Mr.  Wordingham  remarks 
that  one  great  fundamental  advantage  of 
electric  wiring  should  be  the  ease  with 
which  a  cable  can  be  carried  round 
corners  or  past  obstacles,  as  compared 
with  a  rigid  pipe  ;  yet,  by  adopting 
conduit  systems,  as  is  usual  with  higher 
voltages,  this  advantage  is  deliberately 
thrown  away. 

Apart  from  its  advantages  for  heating, 
cooking,  etc.,  this  low  voltage  has  advan- 
tages for  lighting  as  well.  It  would 
bring  low  consumption  gas-filled  lamps 
of  a  serviceable  type  into  much  greater 
use,  and  would  prove  beneficial  to  the 
design  of  the  smaller  forms  of  lighting 
units,  which  are  better  adapted  to 
domestic  use.  By  favouring  flexible  con- 
nections it  would  also  tend  to  make 
lighting  arrangements  more  adjustable. 
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TOPICAL    AND     INDUSTRIAL    SECTION. 

—  •  •  •  • — 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


BRITISH  THOMSON- HOUSTON  COM- 
PANY, LTD.-  EXTENSIONS  OF 
RUGBY    FITTINGS    FACTORY. 

There  is  now  a  growing  recognition  of 
the  importance  of  scientific  methods  of 
lighting.  The  chief  difficulty,  of  late, 
has  been  to  meet  the  demand  owing  to  the 
recent  diversion  of  the  energies  of  leading 
manufacturers  to  war  work,  and  the 
consequent  disturbance  in  the  routine  of 
production 

In  view  of  the  rapid  growth  of  their 
lighting  business  the  British  Thomson - 
Houston  Co.,  Ltd.,  decided  some  months 
ago  to  extend  their  Rugby  Fittings 
Factory.  We  are  informed  that  the  new 
workshops  are  nearing  completion,  and 
that  the  most  up-to-date  machinery  is 
being  installed.  The  company  accord- 
ingly expects  very  shortly  to  be  able  to 
manufacture  and  deliver  fittings  and 
reflectors  in  vastly  greater  quantities  than 
heretofore.  One  of  the  stable  products 
of  this  factory  is  the  Mazdalux  Metal  Re- 
flector for  industrial  lighting,  and  the 
extended  facilities  will,  it  is  hoped,  enable 
the  output  of  such  reflectors  to  be  trebled 
or  quadrupled,  while  the  production  of 
"  Eye-Rest  "  indirect  fittings  will  also  be 
considerably  increased. 

ANTI-VIBRATION    FITTINGS. 

The  Engineering  and  Lighting  Equip- 
ment Co.,  Ltd.,  send  us  particulars  of  a 
new  pendant  gallery  fitting  incorporating 
the  ant i -vibrator  discs,  which  are  claimed 
to  prevent  breakage  of  lamp  filaments, 


even  under  the  most  trying  conditions. 
The  discs  are  composed  of  two  concentric 
rings  of  phosphor-bronze  gauze,  within 
which  the  lamp  is  suspended. 


"  POINTOLITE  "  LAMPS. 

A  new  catalogue  dealing  with  the  well- 
known  "  Pointolite  "  (arc-incandescent) 
lamps  has  been  issued  by  the  Edison 
Swan  Electric  Co.,  Ltd.  These  lamps,  as 
is  well  known,  furnish  light  from  an  in- 
candescent globule  of  tungsten  within  a 
sealed  glass  envelope,  constituting  a 
"  point-source  "  which  is  well  adapted 
for  use  with  microscopes,  reflecting 
galvanometers  and  other  laboratory  in- 
struments involving  optical  projection. 
In  addition  to  the  familiar  100  c.p. 
lamps  we  note  that  small  30  c.p.  0*45  amp. 
galvanometer  lamps  are  listed.  Another 
new  feature  is  the  1,000  c.j).  three - 
electrode  lamp  which  is  stated  to  consume 
only  0-42  watts  per  candle  in  the  lamp. 
This  new  form  of  lamp,  which  was  shown 
at  the  opening  meeting  of  the  Illuminating 
Engineering  Society  last  year,  is  con- 
sidered specially  suitable  for  projection 
work,  owing  to  the  combination  of  high 
candlepower  with  comparatively  small 
generation  of  heat.  A  500  c.p.  three- 
electrode  lamp  is  also  shown. 

The  normal  intrinsic  brilliancy  is 
stated  to  be  about  12,000  c.p.  per  sq.  in. 
with  the  two  -  electrode  lamp,  and 
16,000  c.p.  per  sq.  in.  with  the  three- 
electrode  lamp,  but  the  brightness  can 
be  varied  between  wide  limits,  the 
limiting  intrinsic  brilliancy  when  the 
globule  is  molten  being  as  much  as 
60,000  c.p.  per  sq.  in. 
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INDUSTRIAL  AND  STREET  LIGHTING 
FITTINGS. 

Industrial  and  street  lighting,  which 
are  dealt  with  successively  in  the  new 
catalogue  of  fittings  recently  issued  by 
the  General  Electric  Co.,  Ltd.,  are 
undoubtedly  two  of  the  most  important 
fields  of  illuminating  engineering.  In  the 
solution  of  such  problems  the  selection  of 
suitable  fittings  plays  an  important  part, 
and  as  many  installations  are  now  under- 
going revision  the  issue  of  this  catalogue 
is  timely. 


showing  the  use  of  semi-indirect  fitting- 
in  a  motor  works. 

Particulars  are  next  given  of  standard 
types  of  industrial  units  and  reflectors, 
hand-lamps,  well  glass  fittings,  etc.  A 
variety  of  weather-proof  lanterns  for 
street  and  yard  lighting  is  next  shown. 
Most  of  these  can  be  equipped  with 
opalescent  globes — a  desirable  step  with 
half -watt  lamps.  We  are  glad  to  see  that 
the  description  of  the  "  City  "  lantern  is 
accompanied  by  a  polar  curve  of  light 
distribution  based  on  tests  by  the  N.P.L. . 


Showing  Conditions  of  Illumination  in  the  Vauxhall  Motor  Co.'s  Works. 


Several  introductory  pages  are  devoted 
to  illuminating  engineering  data,  par- 
ticulars of  the  illumination  desirable  for 
various  processes  and  the.  watts  and 
lumens  available  from  standard  types  of 
lamps  being  given.  Next  there  are 
illustrations  of  some  typical  lighting 
installations,  both  streets  and  factories. 
These  include  some  factories  equipped 
with  Benjamin  fittings  and  views  of 
street  lighting  in  Manchester.  The 
accompanying  illustration  is   interesting, 


and  that  a  focusing  arrangement  is  pro- 
vided to  ensure  the  correct  position  of 
the  filament  in  the  reflector.  The 
"  Metropolitan  "  lantern,  also  illustrated, 
utilises  the  Holophane  Refractor  glass- 
ware. Following  this,  data  relating  to 
various  accessories  are  given,  one  feature 
being  the  G.E.C.  time  switches  which  are 
suitable  for  controlling  public  clock 
lighting,  staircase  lights,  luminous  devices 
used  in  shop  windows  after  closing  time, 
etc. 
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THE     DOMINIONS    TOURING 
EXHIBITION  (1921). 

We  understand  that  the  Department 
of  Overseas  Trade  is  organising  the 
Dominions  Touring  Exhibition  with  the 
object  of  fostering  and  developing  trade 
with  the  Dominions.  The  exhibition 
will  carry  to  South  Africa.  Australia, 
Ww  Zealand  and  Canada  specially 
selected  samples  of  British  manufactured 
goods.  A  booklet  issued  by  the  Depart- 
ment contains  particulars  of  types  of 
goods  in  request.  The  scheme  will  be 
self-supporting,  500  units  of  space  being 
allotted,  for  which  applications  may  be 
made.  It  is  understood  that  the  Inland 
Revenue  Authorities  will  regard  the  cost 
of  participation  in  the  tour  as  advertising 
expenses.  It  is  interesting  to  observe 
that  facilities  are  being  provided  for  the 
use  of  films  to  illustrate  goods  and  pro- 
cesses, and  for  this  purpose  a  Demonstra- 
tion Kinema  Lorry  and  a  number  of 
portable  projectors  will  accompany  the 
exhibition. 

Full  particulars  can  be  obtained  on 
application  to  The  Secretary.  Dominions 
Touring  Exhibition,  Department  of  Over- 
seas Trade,  35,  Old  Queen  Street,  West- 
minster, S.W.I 


DEPARTMENT   FOR    SCIENTIFIC    AND 
INDUSTRIAL  RESEARCH. 

The  Department  of  Scientific  and  In- 
dustrial Research  announces  that  a 
licence,  under  Section.  20  of  the  Companies 
(Consolidation)  Act,  190S.  has  been 
issued  by  the  Board  of  Trade  to  the 
British  and  Electrical  and  Allied  Iix- 
dustries  Research  Association,  which  has 
been  approved  by  the  Department  as 
complying  with  the  conditions  laid  down 
in  the  Government  Scheme  for  the  en- 
couragement  of   Industrial  Research. 

The  Association  may  be  approached 
through  E.  B.  Wedmore,  Esq.,  Electrical 
Research  Committee,  c/o  Electrical  De- 
velopment Association,  Hampden  House, 
t!4,  Kingsway,  W.C.2. 


The  Report  of  the  Enquiry  Committee 
on  the  Standardisation  of  the  Elements  of 
Optical  Instruments,  now  published  for 
the  Department  by  H.M.  Stationery 
Office,  deals  with  a  variety  of  interesting 
topics,  including  units  of  measurement, 
objectives  for  telescopes,  prisms  for 
binocular-;,  mirrors  for  sextants,  -crew 
threads,  gear  teeth,  etc.  Copies  (Is.  each) 
may  he  obtained  through  H.M.  Stationery 
Office,  Imperial  House,  Kingsway,  W.C.2. 
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LAMPS  AND  LANTERNS  FOR  OUTDOOR 
LIGHTING. 

We  have  received  from  Messrs.  Falk. 
Stadelmann  and  Co.,  Ltd.,  two  recently 
issued  catalogues  (Nos.  442  and  456) 
dealing  respectively  with  the  "  Ukay 
gas  lamps  and  various  lanterns  for 
"half-watt  "  and  vacuum  electric  lamps 
both  suitable  for  outdoor  use. 


Readers  will  recall  that  early  in  the 
present  year*  a  reference  was  made  to  the 
series  of  "Ukay  "  gas  lamps  hit  roduced  h\ 
Messrs.  Falk,  Stadelmann  &  Co.,  Ltd. 
The  features  of  these  lamps,  equipped 
with  superheater  and  of  substantial 
and  simple  design  are  illustrated  in 
catalogue  No.  442.  A  point  of  interest 
is  the  nse  of  clusters  of  mantles,  which  is 
decidedly  advantageous  in  cases  where 
the  full  lighting  is  not  invariably  em- 
ployed. As  there  is  every  indication  of 
a  revival  of  outdoor  shop-front  lighting 
during  the  present  season  the  issue  of 
these  catalogues  is  opportune.  We  should, 
however,  like  to  utter  a  caution  against 
the  indiscriminate  use  of  bright  un- 
screened   units    at    a    low    level    outside 

*  Ili/cm.  Eng.,  Jan.,  1920,  p.  19. 


shop-.  Types  of  lamps  fitted  with  a 
parabolic    reflector    directing    the    light 

into  the  window  and  screening  it  from 
the  eyes  of  passers-by  are  illustrated  in 
both  catalogues,  and  we  commend  this 
form  of  unit  to  shopkeepers  in  all  casi- 
where  the  low  level  of  suspension  might 
Otherwise  give  rise  to  an  impression  of 
glare. 

\  variety  of  lanterns  for  electric  lamp-. 
some  suited  for  clusters  others  for  single 
lamps,  is  shown,  and  a  special  feature 
has  been  made  of  adequate  ventilation. 
We  may  also  draw  attention  to  the 
pedestal-type  of  lantern  involving  a 
diffusing  globe  mounted  on  an  orna- 
mental metal  standard  which  may  be 
effectively  used  outside  public  buildings, 
and  deserves  to  he  more  widely  known. 
The  catalogue  contains  particulars  of 
bracket  lamps  and  other  special  designs 
in  which  wrought  ironwork  is  employed, 
and  a  page  i-  devoted  to  east  iron  columns 
suitable  for  outdoor  lighting. 


Efesca  Outside  Lantern  ("Bedford 
Type  "). 
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EDITORIAL. 


Illuminating  Engineering  Departments  and  Public  Service. 

One  of  the  most  striking  developments  in  the  policy,  both  of  companies 
concerned  with  the  supply  of  gas  and  electricity  and  firms  interested  in 
the  manufacture  of  lamps  and  lighting  appliances,  has  been  the  recognition 
of  the  obligation  to  render  service  to  the  public.  The  broad  view  that 
should  be  taken  of  such  obligations  was  admirably  expressed  by  Mr.  F.  W. 
Goodenough  in  a  paper  read  at  the  recent  conference  of  the  British  Com- 
mercial Gas  Association.  The  leading  gas  companies,  we  believe,  fully 
recognise  the  desirability  of  making  friends  with  the  consumer  by  offering 
him  the  best  advice  on  the  use  of  gas  for  lighting  and  other  purposes,  and 
we  hope  that  the  public  endorsement  of  this  policy  will  influence  those 
companies  who  still  fall  behind  this  high  standard.  Future  developments 
in  conditions  of  electric  supply  should  enable  these  undertakings  also  to 
do  more  to  assist  the  consumer. 

The  adoption  of  this  policy  of  giving  good  service  involves  the 
instruction  of  a  staff  of  assistants  in  the    best  methods    of  using    light 
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hygienically  and  efficiently,  and  the  organisation  of  what  is,  in  effect,  an 
illuminating  engineering  department.  Firms  concerned  with  the  manu- 
facture of  lamps  and  lighting  accessories  have  possibly  an  even  more  direct 
incentive  to  establish  departments  of  this  kind.  Unless  thev  receive  good 
advice  and  assistance,  consumers  naturally  do  not  use  lamps  and  reflectors 
in  the  best  way,  and  are  disposed  to  blame  the  articles  supplied  when  the 
method  of  employing  them  is  really  at  fault. 

It  is  common  knowledge  that  a  number  of  leading  firms  have  established 
illuminating  engineering  departments  during  recent  vears,  and  that  others 
who  have  not  formally  done  so  also  recognise  the  need  of  giving  advice. 
What  we  wish  to  emphasise,  however,  is  that  the  announcement  on  the 
part  of  firms  that  they  are  prepared  to  give  such  advice  carries  with  it 
definite  obligations.  Unless  there  is  available  accurate  information  regard- 
ing the  effects  to  be  obtained  with  various  lighting  fittings,  and  unless  a 
firm  possesses  assistants  with  a  proper  knowledge  of  illuminating  engineer- 
ing, their  offers  of  assistance  may  prove  misleading,  and  thev  will  reap 
no  permanent  benefit  from  their  efforts  to  aid  the  consumer. 

Offers  of  assistance,  therefore,  should  be  conditional  on  a  trained 
staff  and  the  equipment  of  a  suitable  laboratorv  in  which  accurate  tests 
of  lighting  appliances  can  be  made  and  reliable  data  obtained  on  their 
performance  in  practice.  It  is  also  most  desirable  that  there  should  be  a 
general  understanding  on  the  main  principles  to  be  recommended,  so  that 
the  public  may  not  be  confused  by  contradictory  advice.  These  principles 
have  been  consistently  elucidated  by  the  Illuminating  Engineering  Society 
during  the  last  twelve  years,  and  we  hope  that  all  firms  and  companies 
who  aspire  to  advise  the  consumer  will  follow  the  lead  of  most  of  the  best 
known  companies  by  making  the  staff  of  their  illuminating  engineering 
departments  members  of  the  Society.  The  participation  of  such  assistants 
in  the  work  of  the  Society  has  already  done  much  to  promote  uniformity 
in  recommendations  on  lighting,  which  would  be  aided  still  further  by 
frequent  conferences  of  firms  manufacturing  lamps  and  lighting  appliances, 
and  companies  engaged  in  the  supply  of  gas  and  electricitv. 

These  remarks  apply  with  special  force  to  undertakings  concerned 
in  the  supply  of  both  gas  and  electricity,  and  therefore  in  a  position  to 
apply  either  in  the  cases  where  it  is  most  advantageous  to  the  consumer. 
In  the  United  States  this  condition  frequently  prevails,  and  supply  com- 
panies take  an  active  part  in  the  work  of  supplying  consumers  with  lamps 
and  lighting  appliances,  and  advising  them  on  their  use.  Accordingly, 
such  undertakings  form  one  of  the  most  important  sections  of  the  supporters 
of  the  Illuminating  Engineering  Society.  At  the  present  time  the  need  of 
good  advice  is  particularly  felt  by  the  consumer.  The  introduction  of  the 
Gas  Regulation  Act  will  doubtless  bring  new  problems,  and  the  consumer 
must  be  able  to  rely  on  the  help  of  gas  companies  in  obtaining  advantageous 
lighting  under  the  new  conditions  of  supply.  In  electric  lighting  again 
the  increasing  use  of  gas-filled  lamps  will  onlv  prove  of  real  value  to  the 
consumer  if  he  is  shown  how  to  use  them  wisely.  Consumers  must  be 
educated  to  appreciate  that  the  lamps  selected  should  be  suitable  for  the 
fittings  with  which  they  are  used.  In  some  cases  a  lamp  of  the  proper 
shape  can  be  used  with  existing  reflectors,  in  others  new  and  specially 
designed  fittings  are  needed. 

To  sum  up,  the  aim  both  of  supplv  companies  and  of  makers  of  lamps 
and  fittings  should  be  to  ensure  good  ligJitiug — a  condition  which  is  only 
achieved  when  expert  advice  on  the  use  of  illuminants  is  available. 
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The  Measurement  of  Absolute  Coefficients  of  Reflection. 

The  measurement  of  the  absolute  coefficients  of  diffuse  reflection  of 
surfaces  has  always  been  regarded  as  a  somewhat  complicated  and  difficult 
photometric  problem,  although  purely  relative  values  mav  be  obtained 
by  the  aid  of  an  illumination  photometer  with  comparative  ease.  Apparently 
this  country  was  one  of  the  first  to  deal  with  the  problem.  Dr.  W.  E. 
Sumpner's  results,  published  as  far  back  as  1893,  have  been  the  subject  of 
frequent  reference.  It  will  be  recalled  that  Dr.  Sumpner  found  for  white 
blotting  paper  a  coefficient  of  reflection  of  S2  per  cent.,  and  it  has  been 
generally  assumed  hitherto  that  the  highest  value  of  diffused  reflection 
obtainable  from  a  dead  white  surface  was  not  far  removed  from  this  figure. 

Within  recent  years,  however,  a  number  of  experiments  on  the  deter- 
mination of  reflection-factors  have  been  made  in  the  United  States.  Some 
of  these  are  summarised  in  valuable  paper  recentlv  published  bv  Mr.  A.  H. 
Taylor,  of  the  Bureau  of  Standards  (Washington),  with  which  we  deal  fully 
in  the  present  issue  (pp.  265 — 269).  Progress  in  this- field  has  been  greatly 
expedited  by  the  use  of  the  integrating  sphere.  The  calculations  under- 
lying Mr.  Taylor's  method  may  appear  somewhat  involved,  but  apparentlv 
the  actual  procedure  is  not  unduly  difficult.  More  recently  Dr.  C.  H. 
Sharp  and  Mr.  W.  F.  Little  have  presented  a  paper  before  the  American 
Illuminating  Engineering  Society  describing  another  integrating  sphere 
method  which  seems  to  have  the  merit  of  extreme  simplicity. 

The  scientific  importance  of  such  investigations  is  obvious,  and  it  may 
be  added  that  they  also  fulfil  a  useful  practical  purpose  in  filling  a  distinct 
gap  in  our  knowledge  of  the  amount  of  light  reflected  from  various  surfaces 
in  interiors.  The  important  part  played  by  reflection  from  walls  and 
ceilings  in  most  lighting  installations  is  hardly  sufficiently  appreciated. 
Fuller  knowledge  on  this  subject  may  enable  us  to  forecast  illumination 
more  exactly  than  at  present,  and  it  would  be  of  great  assistance  to  lighting 
experts  to  have  available  a  series  of  specimens  of  typical  surfaces,  with  their 
reflection  factors  attached,  such  as  have  already  been  tentatively  prepared 
in  the  States. 

One  interesting  side-issue  in  Mr.  Taylor's  paper  is  the  preparation  of 
a  series  of  neutral-tinted  surfaces  of  graded  reflecting  power.  Much  remains 
to  be  done  in  regard  to  the  best  method  of  preparing  such  standard  surfaces, 
especially  in  regard  to  permanency,  but  once  the  method  is  standardised 
they  would  prove  of  considerable  value  in  photometry.  Another  feature 
of  Mr.  Taylor's  work  that  deserves  comment  is  his  determination  of  the 
coefficient  of  reflection  of  magnesium  carbonate  as  near  99  per  cent.  This 
result  appears  to  be  in  good  agreement  with  that  arrived  at  independently 
by  other  observers,  but  it  is  naturally  surprising  to  find  that  even  freshly 
prepared  magnesium  carbonate  reflects  light  as  perfectly  as  this.  The  whole 
subject  certainly  deserves  further  investigation,  and  we  hope  that  it  will 
receive  attention  from  photometric  experts  in  this  country. 
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Standards  of  Industrial  Lighting. 

The  most  recent  addition  to  the  series  of  Mates  in  America  that  possess 
legislative  codes  on  factory  lighting  is  Oregon,  and  in  the  present  issue 
(pp.  273 — 274)  we  deal  with  a  recent  article  by  Mr.  F.  H.  Murphy  summaris- 
ing its  principal  recommendations,  and  comparing  them  with  those  of 
California,  Wisconsin,  Ohio,  Pennsylvania,  New  Jersey  and  New  York. 

As  regards  standards  of  industrial  lighting  the  Oregon  code  is  in  general 
agreement  with  that  of  other  States,  though  slightly  differing  in  detail, 
and  also  in  harmony  with  the  official  code  of  the  American  Illuminating 
Engineering  Society.  One  point  insisted  upon,  however,  is  that  the  mere 
provision  of  sufficient  illumination  is  only  a  part  of  adequate  factorv 
lighting  ;  avoidance  of  glare,  inconvenient  shadows,  etc.,  is  equally 
important.  Accordingly  the  bulletin  issued  by  the  State  of  Oregon  is  so 
arranged  as  not  to  give  undue  prominence  to  the  detailed  values  of  illumina- 
tion set  out  for  various  processes.  Let  it  be  clearly  understood  that  such 
schedules  of  illumination  are  of  the  utmost  value.  But  this  value  is  only 
completely  realised  when  the  other  requirements  as  regards  proper  shading 
and  positions  of  sources  of  light,  etc.,  are  also  complied  with. 

One  highly  important  clause  in  the  Oregon  code  is  that  specifying  that 
the  Commissioner  of  Labour  and  Inspector  of  Factories  "  shall  be  guided 
by  the  best  engineering  practice  .1-  set  forth  in  the  recommendations  of  the 
Illuminating  Engineering  Society."  'Die  method  by  which  the  correct 
principles  of  factory  lighting  is  established  by  the  experience  and  experiments 
of  the  Society,  and  finally  made  use  of  in  the  legislative  codes,  seems  to  be  a 
highly  desirable  one,  which  might  well  be  borne  in  mind  in  other  countries. 
In  this  way  the  groundwork  of  recommendations  on  industrial  lighting 
can  be  readily  established,  and  the  detailed  requirements  of  various  industries 
could  be  settled  by  conference  with  the  representatives  of  the  chief  trades 
concerned. 

Naturally  experience  in  the  United  States  has  shown  the  need  for  very 
full  explanatory  data  in  regard  to  the  various  codes,  so  that  the  States 
make  a  practice  of  issuing  bulletins  in  which,  besides  the  actual  wording 
of  the  code,  useful  information  on  the  best  means  of  complying  with  it, 
descriptions  of  measuring  apparatus,  and  explanations  of  technical  terms 
are  given.  It  is  also  to  be  noted  that  there  exist  in  most  countries  bodies 
whose  co-operation  would  be  beneficial  in  making  requirements  of  factory 
lighting  Widely  known,  and  drawing  attention  to  their  importance  from 
special  aspects.  Thus  in  this  country  the  British  Industrial  "  Safety  First 
Association,"  which  has  already  identified  itself  with  the  cause  of  good 
industrial  lighting  in  the  interests  of  safety,  could  doubtless  render  valuable 
aid  in  this  respect. 

Another  series  of  standards  of  lighting  has  been  adopted  by  the 
Illuminating  Engineering  Society  in  Germany  (pp.  275 — 276)  Although 
intended  to  apply  to  interior  lighting  generally  and  not  exclusively  to 
factories,  these  values  seem  in  fair  agreement  with  those  adopted  in  the 
United  States.  Here,  also,  care  is  taken  to  specify  conditions  in  regard 
to  avoidance  of  excessive  brightness  and  contrast,  etc.,  as  well  as  actual 
values  of  illumination.  As  stated  in  our  last  issue,  we  understand  that 
the  subject  of  industrial  lighting  is  to  receive  attention  from  the  section 
on  industrial  hygiene  under  the  League  of  Nations  at  Geneva,  and  it  is 
evident  that  there  is  now  growing  up  a  set  of  principles  which  may  pave 
the  way  ultimately  for  an  international  code  on  industrial  lighting 

L.  Gaster. 
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MEASUREMENT  OF  DIFFUSE  REFLECTION  FACTORS, 
AND   A  NEW   ABSOLUTE   REFLECTOMETER.* 

Bv  A.  H.  Taylor. 


I.  Introduction— Nature  of  Reflection. 

The  reflection  factor  of  a  surface  is 
defined  as  the  ratio  of  the  total  luminous 
flux  reflected  by  the  surface  to  the  total 
luminous  flux  incident  upon  it.  No 
surface  obeys  the  cosine  law  of  emission 
perfectly,  and  most  surfaces  are  very  far 
from  being  perfect  difrusers^1) 

The  numerical  value  of  the  reflection 
factor  of  a  surface  may  depend  on  the 
colour  of  the  incident  light  and  the 
manner  of  its  incidence.  The  determina- 
tion of  reflection  factors  with  precision 
is  one  of  the  most  difficult  feats  in  photo- 
metry, and  previous  methods  besides 
being  complex  have  not  been  sufficiently 
accurate. 

II.  Earlier  Reflectometers. 

Any  method  of  measuring  reflection 
factors  must  inevitably  involve  an  integra- 
tion of  the  reflected  flux.  This  practically 
limits  the  method  to  some  application  of 
the  integrating  sphere. 

Apparently  the  first  definite  proposal 
of  an  instrument  for  the  measurement 
of  diffuse-reflection  factors  was  made  in 
1912  by  Dr.  Nutting. (2)  His  instrument 
consists  of  a  highly  polished  nickeled 
ring  through  which  projects  the  nose  of 
a  Konig-Martens  polarisation  photo- 
meter. An  illuminated  diffusing  glass 
plate  is  placed  on  one  side  of  the  ring 
and  the  test  surface,  on  the  other,  and  the 
photometer  is  arranged  to  view  the  two 
surfaces  at  an  angle  of  about  75°  from  the 
normal.  He  describes  it  thus  :  •  "  The 
principle  of  the  method  is  that  of  two 
parallel  infinite  planes,  one  of  which 
is  a  diffuse  illuminator  and  the  other  the 
surface  whose  reflecting  power  is  to  be 
determined.  The  relative  brightness  of- 
the  two  planes  is  then  the  reflecting 
power  of  the  non-luminous  plane."    Since 

*  Abstract  of  Scientific  Paper  No.  .'591.  issued 
by  the  Bureau  of  Standards,  Washington. 


the  planes  are  not  infinite  and  no  surface 
exactly  obeys  the  cosine  law  of  emission, 
the  method  is  inaccurate  and  there  are 
other  sources  of  uncertainty. 

A  method  devised  and  used  by  Mr.  W. 
F.  Little  (3)  at  the  Electrical  Testing 
Laboratories  consists  in  the  projection 
of  a  beam  of  light  through  a  small  hole 
in  the  wall  of  an  integrating  sphere  on  to 
the  test  surface,  placed  near  the  centre 
of  the  sphere.  The  brightness  of  the 
observation  window  when  the  test  surface 
is  in  place,  compared  with  that  when 
the  standard  surface  is  used,  is  sub- 
stantially the  same  as  the  ratio  of  the 
reflection  factors  of  the  two  surfaces. 
A  slight  modification  would  make  it  an 
absolute  method.  If  the  light  beam  is 
first  projected  on  to  the  sphere  wall  at  a 
point  unscreened  from  the  observation 
window,  and  is  next  projected  on  to  the 
test  surface,  screened  from  the  window, 
the  ratio  of  the  brightness  of  the  window 
in  the  second  case  to  that  in  the  first 
case  is  the  numerical  value  of  the  reflec- 
tion factor  of  the  test  surface.  The  area 
of  the  test  surface  should  be  small  with 
respect  to  the  sphere  surface.  Another 
method  of  using  the  sphere  would  be  to 
determine  the  reflection  factor  of  its 
surface  by  a  method  which  will  presently 
be  described,  then  to  determine  the 
relative  values  of  test  and  sphere  surface 
by  projecting  the  beam  first  on  one,  then 
on  the  other,  the  illuminated  spot  being 
screened  from  the  observation  window 
in  each  case.  The  greatest  practical 
difficulty  in  the  application  of  these 
methods  of  using  the  sphere  is  the  realisa- 
tion of  a  narrow  beam  of  light  which  is  of 
a  sufficiently  high  intensity  and  at  the 
same  time  is  so  concentrated  that  none 
of  it  is  incident  anywhere  except  on  the 
test  surface.  The  modifications  of  Mr. 
Little's  methods  pointed  out  by  the 
author  require  the  sphere  surface  to  be 
uniform  in  reflecting  power. 

B  2 
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In  1916  Dr.  Rosa  (4)  and  the  present 
author  described  and  applied  a  method  of 
measuring  the  reflection  factor  of  the 
surface  of  an  integrating  sphere.  It 
consists  in  the  determination  of  the  ratio 
of  the  average  illumination  received  by 
the  sphere  surface  from  the  test  lamp  to 
the  total  illumination  of  the  sphere 
surface  by  both  direct  and  reflected  light, 
the  numerical  value  of  this  ratio  being 
the  absorption  factor  of  the  sphere 
surface  The  absorption  factor  of  an 
88-inch  sphere  at  the  Bureau  of  Standards, 
when  the  surface  was  fresh,  was  found  to 
be  7-.T',,.  Since  magnesium  oxide  and 
carbonate  have  long  been  considered, 
and  probably  are.  the  whitest  substances 
in  existence,  this  tesl  set  the  lo 
able  limit  for  their  reflection  fa<  I 
and  indicated  that  the  value  of  88 
given  by  Dr.  Nutting's  reflectom 
was   considerably   in   error. 


Fi$.  J*. 


Fig.  i. — The  new  type 
In  1917  Mr.  M.  Luckiesh(5)  described 
a  new  relative  method  for  measuring 
reflection  factors.  An  opal  glass  globe, 
such  as  is  used  in  lighting  fixtures,  is 
mounted  in  a  white  box  and  is  surrounded 
by  four  or  more  lamps,  symmetrically 
placed.  The  globe  has  an  opening  at  the 
bottom,  against  which  is  placed  the  object 
to  be  tested.  A  brightness  photometer 
views  the  test  object,  its  brightness  being 
compared  with  that  of  a  standard  surface 
of  known  reflection  factor.  The  results 
of  tests  with  this  instrument  may  be  in 
error  because  of  the  fact  that  the  photo- 
meter views  the  test  object  at  a  fixed 
angle,  and  that  the  brightness  at  that 
angle   may   depend   very  largely  on  the 


amount  of  specular  reflection  of  the 
object,  but  it  is  probable  that  this  error 
would  not  be  very  large.  The  instrument 
will,  however,  give  incorrect  results  if  the 
standard  surface  is  incorrectly  evaluated. 


III.  The  New  Absolute  Reflectometer. 

In  1916  the  author  worked  out  the 
complete  theory  of  a  reflectometer  which 
was  to  be  an  absolute  instrument. 

At  the  convention  of  the  Illuminating 
Engineering  Society  in  Chicago,  in  Oct., 
1919,  it  was  pointed  out  that  the  value 
of  xv' '..  for  magnesium  carbonate  was 
much  too  low.  and  the  author  briefly 
ribed  the  instrument  now  explained 
more  fully.  (*"')  Tin-  author  has  also  stated 
that  the  reflection  factor  of  magnesium 
carbonate  was  approximately  96%. 

The  reflectometer  consists  of  a  small 
sphere    arranged    as    shown    in    Fig.    1. 


Teit  Sv^rfiuce. 

Fig.  lb. 

' absolute' '  reflectometer 

Light  from  a  small  lamp  is  projected 
through  tube  A  on  to  the  inner  sphere 
wall.  At  B  is  a  small  hole  through  which 
the  opposite  wall  can  be  viewed  by  a 
brightness  photometer.  The  segment  of 
sphere  surface  c'  is  cut  off  by  a  plane, 
leaving  the  opening  c" .  The  test  surface 
is  placed  over  this  opening,  and  the 
direct  light  is  projected  on  to  the  sphere 
wall  or  the  test  surface,  depending  on 
whether  the  lighting  tube  is  placed  at 
A  or  C.  The  attachments  are  so  con- 
structed that  their  positions  are  inter- 
changeable. In  the  experimental  instru- 
ment constructed  and  used  in  the  tests 
the  area  c',  the  portion  cut  off,  was  10% 
of  the  total  sphere  area. 
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IV.  Theory  of  Reflectometer. 

If  a  plane  surface  is  illuminated  by  an 
infinite  plane  of  uniform  brightness  b 
(candles  per  unit  area),  the  flux  received 
by  unit  area  of  the  illuminated  plane 
is  wb  lumens.  A  perfect  diffuser  of 
uniform  brightness  b  emits  wb  lumens  per 
unit  area. 

The  interior  illumination  of  a  hollow 
sphere  with  diffusely  reflecting  walls  may 
be  considered  as  composed  of  two  parts  : 
(a)  The  light  received  directly  from  the 
light  source,  and  (b)  the  illumination 
made  up  of  light  diffusely  reflected  from 
the  sphere  walls.  The  part  (b)  is  the 
same  in  value  at  all  points  in  an  empty 
sphere,  in  accordance  with  the  theory  of 
the  integrating  sphere. 

Assume  the  hollow  sphere  arranged  as 
shown  in  Fig.  la.  Let  the  area  of  the 
complete  sphere  be  unity. 

Let  c'  =  ratio  of  sphere  area  cut  off  to 
total  sphere  area. 

Let  c"  =  ratio  of  area  of  hole  to  total 
sphere  area. 

Let  a  =  1  —  c'==  fraction  of  total  sphere 
area  which  remains. 

Let  m  =  diffuse  reflection  factor  of 
sphere  surface. 

Let  mx  =  diffuse  reflection  factor  of  test 
surface. 

Let  F  —  total  light  flux  (lumens)  re- 
ceived from  lamp. 

Let  b0  =  average  brightness  (candles  per 
unit  area)  of  sphere  wall  due  to  reflected 
light  only  when  hole  is  uncovered. 

Let  6X  =  brightness  when  hole  is  covered 
with  a  flat  test  surface  having  a  diffuse 
reflection  factor  mx. 

Let  6  =  brightness  when  test  surface  has 
reflection  factor  m. 

In  the  original  paper  the  author. then 
analyses  the  conditions  when  the  hole  is 
uncovered  and  the  part  removed  is  re- 
placed by  the  test  surface.  He  thus 
arrives  at  the  relation  : — 

m2F(a  +  c'mx)  ,,. 

Ox  =  „i,.."„.m      M  \  ,  „/i — T^r i      •     •     v ' ) 


These  equations  assume  apply  to  the 
case  where  direct  light  is  incident  on  the 
sphere  wall.  However  the  instrument  is 
more  accurate  if  the  direct  light  is  inci- 
dent on  the  test  surface.  Hence  we  may 
first  use  the  former  arrangement  and 
determine  m  from  equation  (2)  and  then 
adopt  the  second  method  (shown  in 
Fig.  16)  ;  by  using  a  suitable  reference 
standard  it  is  then  possible  to  evaluate 
absolutely  the  reflection  factor  of  any 
test  surface.  A  rough  surface  milk  glass 
makes  a  satisfactory  reference  standard, 
as  it  is  easily  cleaned.  If  R  =  value  of 
brightness  of  sphere  surface  when  the 
ajjerture  is  covered  with  surface  m", 
divided  by  the  corresponding  brightness 
when  the  surface  m'  is  used,  it  can  be 
shown  that : — 


Rm'[a  +  m(c"  -  a)] 
a  {I  -  m)  +  c"m{\  -  m'  +  Rm') 

and  when  m" ==m,  then 

Rm[a{l  —  m)  +  mc"] 
Wjt=  L(l-m)(a-rc"m)  +  ^V'] 


(4) 


(5) 


7r[c"m(l  —  mx)  +  «(1  —  in)  | 
It  is  possible  to  measure  the  relative 
brightness  of  the  sphere  wall  under 
various  conditions  and  thus  m  and  >/\ 
can  be  computed.  If  b[b0  =  K,  and 
t>x/b0  =  Kx  then  it  is  shown  that : — 

mi[c\cn~a)  +  Kac"]  +  »>a[v'  +  (c"-a)(l  - K)]  +  a*(\  -  K)  =  0 


V.  Experimental  Results. 

In  order  to  verify  the  theory  of  this 
instrument  a  graded  series  of  test  objects 
was  made  up.  Neutral  grey  objects  were 
obtained  by  mixing  black  drawing  ink 
and  lampblack  with  a  white  cement 
(Keene's  Fine).  They  were  surfaced  with 
coarse  sandpaper,  resulting  in  fairly  good 
diffusers.  Those  having  reflection  factors 
below  50  per  cent,  were  better  diffusers 
than  those  above  that  value.  The  gray 
objects,  after  having  been  made  up  for 
about  four  or  five  months,  were  found  to 
have  faded  somewhat,  and  hence  are  not 
satisfactory  for  permanent  reflection  fac- 
tor standards. 

The  test  objects  were  next  tested  for 
reflection  factors  by  means  of  point-by- 
point  observations.  The  amount  of  flux 
reflected  was  then  calculated  by  applying 
the  proper  factors,  and  since  the  incident 
flux  was  known,  the  ratio  of  the  reflected 
to  the  incident  flux  gave  the  reflection 
factors  of  the  test  surfaces. 

•     (2) 


and 


hu 


a{Kx-l)[cfM  +  a(l-m)] 


ac'(l  -  m)  +mc"(cl  +K*a) 


(3) 
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A  number  of  the  cement  standards  and 
a  block  of  magnesium  carbonate  were 
measured  by  both  methods  of  using  the 
instrument  as  described  above.  By  the 
use  of  equation  (2)  tin-  reflection  factor 
of  the  sphere  surface  was  found  to  be 
88  3%.  This  value  was  then  substituted 
in  the  equation  and  the  reflection  factors 
of  the  various  test  objects  were  computed. 
The  results  of  the  measurements  in  the 
three  different  ways  are  shown  in  Table  1 . 

Table   I. — Reflection    Factors    by 
Three  Methods  of  Measurement. 


Sphere 

reflecto- 

meter 

measurements. 

Point- 

Test  object. 

by-poini 

measure- 
ment. 

Direct 

J  >i r-- . •  r 

tight 

hghi  "ii 

on  test 

sphere 

objects. 

wall. 

Percent. 

Per  rout . 

Per  cent. 

Cement  Standard   1 .  . 

1  77 

l.S-4 

21-9 

Cement  Standard   2 . . 

23'7 

23-95 

28  '2 

Cement  Standard   :', . 

81-6 

316 

352 

Cement  Standard    4.. 

88'  3 

■AT  1 

396 

Cement  Standard    5'.. 

4  2'  it 

12-9 

464 

Cement  Standard   <>.. 

60*0 

60-7 

628 

Cement  Standard    7  . 

67*4 

fi73 

70*2 

Cement  Standard   8.. 

8T9 

814 

82-  7 

Cement  Standard   9  .  . 

86-5 

855 

86-8 

Cement  Standard  10.. 

90-8 

ill  C4 

89-6 

Magnesium  carbonate 

993 

99- 1 

98-7 

The  agreement  between  columns  2  and 
3  is  almost  perfect,  and  for  reflection 
factors  above  80%  the  fourth  column  is 
in  satisfactory  agreement.  At  least  a 
part  of  the  discrepancy  may  be  attributed 
to  experimental  error.  The  author  has 
made  up  paints  having  a  factor  of  about 
94  °0,  which  would  be  much  better  for 
this  application. 

The  measurements  by  the  three  methods 
give  about  99 °0  for  magnesium  carbonate, 
whereas  the  previously  accepted  value 
was  only  88%.  It  did  not  seem  possible 
that  its  value  could  be  so  high,  and  steps 
were  taken  to  verify  it  by  a  fourth 
absolute  method,  which  was  described 
above  as  a  modification  of  the  sphere 
method  used  by  Mr.  Little.  This  measure- 
ment gave  a  factor  of  98-9%  which,  on 
the  basis  of  the  consistency  of  the  photo- 
metric readings,  appeared  to  be  thorough]  v 
reliable.  Hence  it  appears  that  the 
reflection  factor  of  this  particular  block 
of  magnesium  carbonate  is  99%.  Another 


block,  obtained  about  three  weeks  later 
from  the  same  source,  has  a  factor  of 
approximately  98%,  while  another  block 
which  has  been  in  the  laboratory  for 
about  two  or  three  years  is  appreciably 
darker  than  either  of  these.  No  investi- 
gation has  been  made  of  the  reproduci- 
bility of  such  surfaces  for  precision 
standards.  .Magnesium  carbonate  is  not 
a  pei  feet  diffuser.  hence  this  must  be 
taken  into  account  if  it  is  desired  to  use 
it  as  a  standard  of  surface  brightness. 


VI.  Effect   of  Specular  Reflection   from 
Test  Surfaces. 

As  mentioned  above,  the  surfaces  with 
which  these  tests  were  carried  out  were 
fairly  good  diffusers.  Some  other  Bur- 
faces  which  have  been  examined  by 
point-by-point  measurements  have  been 
ordinary  semimat  surfaces.  The  differ- 
ence between  the  surface  brightness  of 
the  test  surface  at  50°  and  a  perfect 
diffuser  emitting  the  same  total  flux  rarely 
exceeds  3  to  5%  and  is  usually  below  3%. 
The  effect  of  a  deviation  of  5%  from 
perfect  diffusion  at  50°  for  a  surface  of 
reflection  factor  80 %  has  been  calculated 
for  a  retlectometer  having  10%  of  its 
area  cut  off,  and  painted  with  a  paint 
having  a  reflection  factor  of  90%.  The 
calculation  shows  that  the  error  of  the 
determination  would  be  less  than  0*50%. 
Hence  the  error  of  determination  due  to 
specular  reflection  will  not  exceed  2%  in 
a  reflectometer  having  these  dimensions, 
unless  an  excessive  amount  of  the  specular 
reflection  of  direct  light  is  incident  on  the 
observation  window.  This  will  not  hold 
true  unless  the  specular  reflection  takes 
place  only  at  the  first  surface. 

The  reflection  factor  of  a  mirror  may 
be  determined  by  first  directing  a  narrow 
beam  of  light  into  the  opening  of  the 
reflectometer,  then  allowing  the  same 
beam  to  be  reflected  from  the  mirror  and 
to  be  directed  into  the  reflectometer  when 
the  mirror  is  placed  at  an  appreciable 
distance  from  the  reflectometer.  The 
ratio  of  the  brightness  of  the  observation 
window  in  the  second  case  to  that  in  the 
first  will  be  the  reflection  factor  of  the 
mirror. 
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VII.  Precautions  in  use  of  Reflectometer. 

In  the  use  of  the  reflectometer  as 
described  above  certain  precautions  are 
necessary.     Some  of  them  are  as  follows  : 

(a)  The  dimensions  should  be  precisely 
determined  in  order  to  fix  the  values  of 
the  constants  c',  c",  and  a. 

(b)  In  painting  the  sphere  and  the  flat 
surface  by  means  of  which  its  reflection 
factor  is  determined,  care  must  be  taken 
to  make  the  flat  surface  as  nearly  as 
possible  the  same  in  reflecting  power  as 
the  sphere  surface. 

(c)  When  calculating  the  reflection 
factor  of  the  sphere  surface  by  the  use 
of  the  equation  (2),  the  figures  should  be 
carried  out  as  far  as  possible,  as  a  small 
error  in  calculation  may  make  an  appre- 
ciable error  in  the  result.  The  use  of 
logarithms  for  this  step  is  recommended. 

(d)  When  the  direct  light  is  incident  on 
the  sphere  wall,  care  must  be  taken  to 
prevent  any  direct  light  from  escaping 
through  the  large  opening  c". 

(e)  Few,  if  any,  paints  will  remain 
absolutely  constant  in  reflecting  power, 
hence  the  reflection  factor  of  the  sphere 
surface,  when  once  determined,  should 
not  be  assumed  constant  thereafter  but 
should  be  checked  frequently.  This  can 
be  done  by  means  of  test  objects  standard- 
ised when  the  paint  in  the  sphere  is  fresh. 
Depolished  milk  glass  is  excellent  for 
this  purpose,  and  white  blotting  paper 
would  probably  be  satisfactory.  If  a 
sufficient  number  of  such  objects,  covering 
a  wide  range  of  reflection  factors,  were 
standardised  very  carefully  when  the 
surface  was  fresh,  they  could  be  used  to 
establish  an  empirical  calibration  of  the 
reflectometer  at  any  time,  without  the 
necessity  of  solving  the  mathematical 
equations. 

VIII.  Conclusion. 

In  conclusion  the  most  important 
points  brought  out  by  this  paper  may 
be  summarised  as  follows  : — 

1.  Five  "  absolute  "  methods  of  measur- 
ing reflection  factors  are  described,  at 
least  three  of  which  are  apparently  new. 
Measurements  on  magnesium  carbonate 
by  four  of  these  methods  give  values 
which  are  in  excellent  agreement. 

2.  The  numerical  value  of  the  reflection 
factor   for   magnesium   carbonate   which 


lias  been  in  use  for  many  years — viz.» 
88%— is  in  error.  The  actual  value  of 
its  diffuse  reflection  factor  is  approxim- 
ately 99%,  but  the  degree  of  repro- 
ducibility of  this  value  with  materials 
from  different  sources  is  unknown. 

3.  The  method  described  above  for  the 
use  of  an  incomplete  sphere  as  a  reflecto- 
meter furnishes  two  new  absolute  methods 
for  the  determination  of  diffuse  reflection 
factors.  The  determination  of  the  reflec- 
tion factor  of  the  sphere  surface  is  only 
an  incidental  step  in  the  use  of  the 
instrument,  and  is  not  its  principal 
object. 

4.  The  instrument  just  described  should 
find  a  large  field  of  usefulness  in  photo- 
metry and  illuminating  engineering,  and 
furnishes  a  method  of  measuring  the 
reflection  factors  of  surfaces  in  situ. 
Apparently  no  other  instrument  has  been 
proposed  for  this  purpose  which  is 
accurate  and  portable.  It  can  be  adapted 
for  use  with  any  good  type  of  portable 
photometer. 

5.  It  should  be  strongly  emphasised 
that  the  reflection  factor  of  any  coloured 
surface  is  dependent  on  the  colour  of  the 
incident  light  and  that  measurements  by 
this  or  any  other  method  will  give  its 
reflection  factor  only  under  the  particular 
conditions  of  the  test.  Hence  under  such 
conditions  the  principal  value  of  the 
measurement  is  to  indicate  the  approxi- 
mate value  of  the  factor,  but  this  is  all 
that  is  usually  required. 
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SOME   RECENT   DEVELOPMENTS    IN  LIGHTING    AT   WATERLOO   STATION. 


The  lighting  arrangements  at  a  large 
railway  terminus  frequently  present  inter- 
esting features,  illustrating  how  structural 
considerations  affect  the  disposition  of 
the  lights.  Escalators,  or  moving  stair- 
eases,  are  typical  cases-.  The  problem 
may  In-  distinctly  different  when  the 
staircase  is  enclosed  in  a  tube,  as  <>n  the 
underground  railways,  from  that  pre- 
sented by  an  escalator  contained  in  a 
lofty  chandier  (part  of  it  with  temporary 
roofing)    as    is    at     present     the    case    at 

Waterloo  Station. 


illumination  on  the  stairs  is  about  1  to 
•i  foot-candles,  and  appears  ample. 
Attention  may  be  drawn  to  the  two  bowls 
at  the  entrance.  These  are  necessary 
for  the  purpose  of  giving  extra  illumina- 
tion at  the  points  where  passengers  enter 
and  have  the  staircase,  and  their  presence 
also  makes  a  considerable  difference  to 
the  general  effect,  which  would  otherwise 
appear    rather    flat. 

The  actual  illumination  of  the  stairs  is 
afforded  by  two  diffusing  glass  howls  con- 
taining respectively  three   loo- watt  and 


Fit:.   I.    'Showing  view  of  Escalator  taken  from  the  bottom. 


(a)  The  Lighting  of  the  Waterloo  and  City 

Escalator. 

This  escalator  has  only  been  in  use  a 
comparatively  short  time,  and  by  the 
courtesy  of  the  Chief  Engineer  of  the 
London  and  South  Western  Railway  we 
are  able  to  give  some  particulars  of  the 
present  system  of  lighting  designed  by 
Mr.  A.  Cunnington,  the  Company's 
Lighting  Engineer.  Fig.  1  shows  a 
general  view  of  the  escalator  from  the 
bottom,  where  descent  is  made  to  the 
Waterloo  and  City  Railway.  The  method 
of  lighting  the  moving  stairs  cannot  be 
seen  in  this  view,  although  the  photo- 
graph gives  a  good  idea  of  their  appear- 
ance when  lighted.     The  actual  measured 


three  300-watt  gas-filled  lamps.  It  was 
necessary  to  arrange  for  the  lamps  to  be 
in  series  owing  to  working  at  600  volts. 
There  is  also  an  emergency  series  of  three 
lamps  in  the  bowl  near  the  top  of  the 
escalator  run  on  a  separate  circuit,  so 
that  in  the  event  of  a  failure  of  the  ordin- 
ary  lighting  taking  place,  when  the 
escalator  is  crowded  with  people,  the 
emergency  circuit  would  be  available. 
The  bowls  are  well  out  of  the  range  of 
view  (in  fact,  so  high  as  to  be  only  with 
difficulty  included  in  the  field  of  the 
camera),  and  as  they  are  mounted  below 
a  white  surface  the  effect  is  quite 
soft  and  free  from  glare.  Both  are 
visible  in  Fig.  2,  which  was  taken  from 
half-way    down.      It    is    interesting     to 
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Fig.  2. — View,  looking 


>wn  from  half-way  up  the  Escalator,  showing  the  two  Bowls 
overhead. 


note  that,  by  the  use  of  three  times  as 
much  candle-power  in  one  bowl  as  in  the 
other,  it  has  been  found  possible  to  get  a 
fair  degree  of  uniformity  in  illumination, 
in    spite    of   the   distance   of   the   treads 


from  the  source  of  light  being  so  different 
at  the  top  and  bottom  of  the  escalator. 
The  diffusion  of  light  is  much  aided  by  the 
white  tiled  surroundings,  and  the  various 
advertisements    and    pictures    not    only 


PlG.  3.— Showing  Time  Tables  at  Waterloo  Station,  illuminated  by  transmitted  light  from 

lamps  inside  the  frame. 
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help  to  break  up  the  monotony,  but  have 
even  a  spectacular  effect. 

(b)  The  Lighting  of  Tunc  Tables  (Main 
( Concourse). 
We    recently    referred    to    the    special 
method  of  lighting  these  time-tables  by 

means  of  transmitted  Light.  Fit'.  3  Bhows 
the  sloping  racks  on  which  the  time-tables 
and  maps  arc  mounted.  They  are  pro- 
tected by  glass  covers  and  receive  li<dit 
from  lamps  inside.  The  conduit  carrying 
the  mains  to  these  lamps  runs  up  on 
the  extreme  right  of  the  rack.  The 
brightness  of  the  surface  is  about  1 
equivalent  foot-candles  and  the  figures 
can  be  seen  with  ease.  Apart  from  the 
high    illumination    readily    secured     by 


this  means,  there  is  the  advantage  that  as 
the  light  comes  entirely  from  behind  the 
paper,  there  is  no  question  of  shadows 
being  cast  by  the  observers'  body,  a 
difficulty  that  is  almost  sure  to  arise 
when  an  attempt  is  made  to  relv  upon 
general  lighting  for  time-tables.  The 
whole  arrangement  is  very  economical, 
only  twelve  20-watt  lamps  being  required 
to  light  eight  time-tables,  three  lamps 
to  each  pair  of  time-tables.  Finally  there 
is  the  incidental  merit  of  the  arrangement 
that  the  brightness  naturally  attracts  the 
attention  <>f  people,  who  might  otherwise 
have  to  inquire  where  the  time-tables  are 
situated.  It  was.  in  fact,  apparent  on 
the  occasion  of  our  visit  that  the  racks 
are  very  well  patronised  by  the  public. 


ROYAL  SOCIETY  OF   ARTS. 

Lecture  Arrangements  fob  the 
Session. 

The  series  of  lectures  arranged  by  the 
Royal  Society  of  Arts  for  the  next  session 
contains  some  interesting  items.  On 
November  24th,  Dr.  F.  W.  Edridge-Oreen 
will  lecture  on  "  Colour  Vision  ami  Colour 
Blindness,"  and  after  Christmas  there  i-: 
to  be  a  paper  read  by  Sir  Herbert  Jackson 
on  "  Research  in  Scientific  Instrument 
Making." 

The  Cantor  Lectures  comprise  the 
following  : — 

A.  Chaston  Chapman,  F.R.S.,  F.I.C., 
on  "  Micro-Organisms  and  some  of  their 
Industrial  Uses."  (Three  lectures.) 
November  29th,  December  6th  and 
December  13th,  1920. 

Eric  K.  Rideal,  M.B.E.M.A.,  D.Sc, 
Ph.D.,  F. I.C.,  on  "  Application  of  Catalysis 
to  Industrial  Chemistry."  (Three  lec- 
tures.) Februarv  14th,  Februarv  21st  and 
February  28th,  1921. 

Major  C.  W.  C.  Kaye,  D.Sc.  (National 
Physical  Laboratory),  on  "  X-Rays  and 
their  Industrial  Applications."  (Three 
lectures.)  March,  7th,  14th  and  21st, 
1921. 

Samuel  Judd  Lewis,  D.Sc,  F.I.C.,  Ph.C. 
(Lecturer  in  Spectroscopy  at  University 
College,  London),  on  "  Recent  Applica- 
tions of  Spectroscopy  and  the  Spectro- 
photometer to  Science  and  Industry." 
(Three  lectures.)  April  11th,  18th  and 
25th.  1921. 


THE  USE  OF  ULTRA-VIOLET  LIGHT 
IN  TREATING  DISEASES  OF  THE  EYE. 

I\  the  '  British  Journal  of  Ophthal- 
mology  "  Mr.  T.  Harrison  Butler  sum- 
maries some  recent  experiments  of  Birch- 
Ilirschfeld  on  the  application  of  ultra- 
violet rays  to  the  treatment  of  diseases 
<  f  the  cornea.  While  the  harmful  effect 
of  excessive  ultra-violet  light,  which 
may  he  responsible  for  conjunctivitis, 
retinitis,  cataract  and  keratitis  is  con- 
tinued, the  rays  may  nevertheless  be  used 
with  good  effect  for  the  treatment  of 
certain  skin  diseases  and  infections  of  the 
mucous  membrane.  Twelve  years  ago 
Hertel  used  the  cadmium-zinc  lamp, 
which  furnishes  intense  ultra-violet  rays, 
for  the  treatment  of  serpent  ulcer  and 
obtained  good  results. 

Birch-Hirschfeld,  not  having  a  cadmium 
lamp  available,  used  a  small  arc  lamp 
fitted  with  uviol  glass  screen  and  quartz 
lens.  The  first  experiment  was  not 
successful,  as  the  ulcer  continued  to 
spread.  But  when  the  cornea  was  sensi- 
tised with  a  2  per  cent,  solution  of 
fluorescein,  whereby  the  absorption  of 
ultra-violet  rays  was  increased,  much 
better  results  were  secured.  Of  40  cases 
so  treated  only  six  failed  to  receive  benefit. 
No  trace  of  ophthalmia  electrica  (inflania- 
tion  of  the  eyes  caused  by  the  rays)  was 
observed,  because  the  short  wave-length 
light  was  concentrated  only  on  the  ulcer 
and  not  upon  other  tissues. 
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THE  INDUSTRIAL  LIGHTING   CODE   OF  OREGON,   U.S.A. 


Ixthe  Electrical  World  Mr.  F.  H.  Moxphy 
gives  a  summary  of  the  industrial  lighting 
code  adopted  by  Oregon,  the  latest 
American  State  to  introduce  legislation  on 
factory  lighting.  The  provisions  follow 
closely  those  adopted  in  other  States. 
and,  consequently,  are  in  substantial 
agreement  with  thecode  originallydrafted 
by  the  Illuminating  Engineering  Society 
(U.S.A.)  ;  however,  Oregon  has  been  able 
to  benefit  by  the  experience  of  other 
States  and  has  introduced  a  few  modifi- 
cations. These  are  indicated  in  the 
accompanying  table,  which  contains  a 
list  of  the  values  of  illumination  pie- 
scribed  by  the  various  States  that  have  so 
far  adopted  lighting  codes. 

In  view  of  the  necessitv  of  providing  a 
means  for  altering  prescribed  values  of 
illumination  without  it  being  necessary 
to  invoke  repeatedly  legislative  aid.  the 
following  section  was  introduced  into  the 
Act  :— 

'"  The  Commissioner  of  Labour  and 
Inspector  of  Factories  and  Workshops 
of  the  State  of  Oregon  is  hereby  authorised 
to  establish  certain  minimum  values  for 
lighting,  which  shall  be  deemed  proper 
and  adequate  in  accordance  with  the 
conditions  set  forth  in  this  Act.  In 
arriving  at  what  values  shall  be  used  in 
this  schedule  of  minimum  lighting,  and 
such  rules  as  shall  determine  definitely 
what  shall  constitute  compliance  with  the 
provisions  of  this  Act,  he  shall  be  guided 
by  the  best  engineering  practice  as  set 
forth  in  the  recommendations  of  the 
Illuminating  Engineering  Society.  Be- 
fore such  schedules  and  rules,  however, 
shall  become  effective  the  Commissioner 
of  Labour  must,  upon  his  own  motion, 
appoint  a  commission  of  three  persons, 
one  to  represent  the  manufacturing 
interests,  one  to  represent  the  operating 


electrical  workers,  and  one  must  be  an 
electrical  engineer.  Notice  of  the  public 
meetings  of  such  commission  shall  be 
published  in  the  leading  newspapers  of 
each  county  of  the  State,  giving  the  time, 
place  and  purpose  of  such  meetings. 
The  Commission  shall  have  power,  after 
the  holding  these  public  meetings,  to 
establish,  to  rearrange  or  to  readjust 
the  schedule  of  lighting  values  and  rules 
as  set  forth  above.  These  rulings  or  re- 
adjustments shall  then  become  effective 
thirty  days  after  they  have  been  made 
and  the  Commissioner  of  Labour  shall 
serve  notice,  in  writing  or  by  publication 
in  the  leading  newspapers  of  each  county 
of  the  State,  of  the  rulings  thus  made  and 
of  the  date  upon  which  they  become 
effective." 

It  will  be  observed  that,  according  to 
this  section  of  the  Act.  the  Illuminating 
Engineering  Society  (U.S.A.)  is  recognised 
as  the  standard  authority  on  the  matter 
of  illumination  values.  The  Legislature. 
at  a  special  meeting  held  in  January,  1920. 
also  passed  a  Bill  authorising  the  State 
Industiial  Accident  Commission  to 
establish  all  necessary  and  reasonable 
safety  rules,  proper  regulations  and 
provisions,  and  providing  for  the  enforce- 
ment of  such  orders  and  decisions  by  the 
Commissioner  of  Labour. 

The  rules  follow  closely  those  adopted 
by  other  States.  The  chief  modification 
is  the  adoption  of  2  ft.  candles  under 
classification  (v).  for  the  reason  that  it 
was  felt  that  there  would  be  difficulty 
in  practice  in  discriminating  between 
classifications  |  w)  and  (J).  The  minimum 
of  0o  ft.  candle  for  the  general  lighting 
of  workrooms  (i>)  is  intended  to  ensure 
against  the  extreme  contrasts  in  bright- 
ness such  as  may  occur  when  local  lighting 
is  used.  Rules  are  also  included  provid- 
ing for  emergency  and  pilot  lights,  and 
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for  the  periodical  inspection  and  cleaning 
of  lighting  equipment  and  windows. 

The  bulletin  issued  by  the  State  of 
Oregon  contains  four  sections.  The  first 
part  sets  out  the  legislative  rules,  and  tin- 
second  part  is  devoted  to  a  detailed 
discussion  of  each  rule  so  as  to  render  it 
quite  clear  and  comprehensible.  This 
section  also  contains  general  discussions 
on  glare,  on  methods  of  using  natural 
light  to  the  best  advantage,  and  proper 


indicating  "  productive  intensities  "  arc 
given. 

There  has  been  a  feeling  that  the  in- 
clusion of  large  tables  of  lighting 
intensities  tends  to  over-emphasise  the 
importance  of  illumination  values  as 
compared  with  certain  other  rules,  as, 
for  example,  the  elimination  of  glare. 
In  the  Oregon  bulletin  an  attempt  has 
been  made  to  overcome  this  objection  by 
emphasising   the   other   special   features 


Compaium'S  ni    Lighting  Com:  Kkoi  iukmknts  ra  Various  American  States. 
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Classification  : — 

(a)  Roadways  and  yard  thoroughfares 

(b)  Storages  spaces 

(c)  Stairways,  passage-ways  and  aisles 

(d)  General  lighting  for  work  rooms.. 

(k)  Toilets,  washrooms,  water  closets, 
dressing  rooms  and  elevator  cars.  . 

(f)  Rough  manufacturing,  such  as  rou«di 
machinery,  assembling,  bench  work 
or  foundry  floor  work 

(a)  Fine  manufacturing,  such  as  fine 
lathe  work,  pattern  and  tool 
making  and  light  coloured  textiles 

(e)  Office    work,    such    as   accounting, 

typewriting,  etc. 
(i)  Special  cases  for  fine  manufacturing, 

such  as  watch  making,  engraving, 

drafting  and  dark  coloured  textiles 
(j)  Rough     manufacturing,     involving 

closer     discrimination     of     detail 

than  (f) 
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spacing  and  heights  of  suspension  for 
artificial  light-sources.  A  table  is  in- 
cluded Bhowing  the  wattage  per  square 
foot  corresponding  with  three  standard 
types  of  lighting  equipment  and  for 
illuminations  from  O02  to  25  foot 
candles.  The  third  part  of  the  bulletin 
contains  a  number  of  illustrations  show- 
ing typical  lighting  installations,  and  the 
fourth  part  a  table  of  lighting  intensities 
for  various  industrial  processes.  Besides 
tli"    values    under   the   code   upper  limits 


of  the  rules,  such  as  elimination  of  glare, 
selection  of  proper  lighting  equipment, 
etc.,  and  by  placing  the  table  of  lighting 
intensities  at  the  back  of  the  bulletin, 
where  it  does  not  overshadow  the  other 
features  of  the  code.  The  Bureau  of 
Labour  proposes  to  make  a  survey  of 
lighting  conditions  in  the  industrial 
plants  of  the  State,  and  to  carry  on 
an  educational  campaign  as  the  best 
means  of  securing  compliance  with  the 
law. 
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STANDARDS  FOR  THE  LIGHTING  OF 
INTERIORS. 

A  committee  formed  by  the  Illuminat- 
ing Engineering  Society  in  Germany 
(Kommission  fiir  praktische  Beleuchtung) 
has  recently  issued  a  series  of  recom- 
mendations relating  to  the  lighting  of 
interiors,  an  account  of  which  has 
appeared  in  the  Elechtrotechnische  Zeit- 
schrift  (July  15th,  1920). 

The  recommendations  are  arranged 
in  several  groups  and  are  substantially 
as  follows  : — 

I. — Adequacy. 

(1)  Every  area  must  receive  suitable 
illumination,  according  to  the  purpose 
for  which  it  is  intended.  A  distinction 
is  drawn  between  general  illumination 
and  special  or  working  illumination 
(Platzbeleuchtung).  General  illumina- 
tion is  necessary  in  rooms  of  all  kinds  and 
may  also  constitute  the  working  illumina- 
tion. In  other  cases  extra  working 
illumination  is  necessary. 

Minimum  values  of  illumination  are 
as  follows  : — 

(A.)  General  Illumination,  i.e.,  illumi- 
nation necessary  to  facilitate  freedom 
of  movement  (Verkehrsbeleuchtung)  is 
measured  on  a  horizontal  plane  one 
metre  above  the  floor,  and  should 
attain  : — 

Lux* 

(a)  In  areas  of  relatively  small 
importance      . .         . .          . .       1 

(b)  On  landings,  staircases,  etc.  . .       5 

(c)  In  occupied  rooms,  working 
rooms  used  by  a  number  of 
people  . .  . .  . .  10 

(B.)  Working  Illumination,  i.e.,-  the 
average  illumination  measured  on  the 
working  surface  or  place  where  work 
is  done,  should  attain  : — 

Lux* 

(d)  For  Rough  Work       ..  ..     10 

(e)  For  Writing  and  Reading    . .     25 

(f)  For  Drawing,  Embroidery, 
Watchmaking  and  fine  me- 
chanical work . .  . .  50 

The  above  values  are  to  be  regarded 
essentially   as    minima,    and    should    be 

*  N.B.— One  Lux  (Hefner-metre)  =  0084 
international  foot-candle. 


considerably  exceeded  in  practice.  Any 
diminution  in  illumination  arising  from 
deposits  of  dust  on  lamps  and  lighting 
appliances,  deterioration  of  lamps,  etc., 
should  not  be  so  high  as  to  bring  the 
actual  illumination  below  the  minima 
prescribed  above. 

(2)  General  illumination  should  neither 
be  completely  diffused  (shadowless),  nor 
should  it  be  such  as  to  give  rise  to  incon- 
venient shadows  on  the  floor,  walls  or 
objects  in  the  room. 

(3)  No  considerable  variation  in 
illumination  should  occur  over  the  work- 
ing area  and  there  should  be  no  fluctua- 
tions (flicker,  etc.)  in  the  source  of 
light  such  as  are  liable  to  cause  fatigue. 

(4)  Abrupt  variations  in  the  amount  of 
illumination  in  different  rooms  should 
preferably  be  avoided. 

(5)  When  daylight  is  being  exclusively 
used  the  daylight  factor  (i.e.,  the  ratio 
between  the  working  daylight  illumina- 
tion and  the  illumination  derived  from 
the  unrestricted  sky-surface)  should  not 
be  less  than  0-5  per  cent. 

(7)  With  a  view  to  securing  good  light- 
ing conditions  in  important  buildings 
it  is  recommended  that,  an  illuminating 
engineer  should  be  consulted  when  the 
plans  are  being  prepared. 


II. — Considerations  op  Health. 

(1)  The  eyes  of  workers  should  be 
protected  from  dazzle  due  to  direct 
or  reflected  light. 

(2)  Local  lamps  for  individual  workers 
must  be  so  screened  that  the  brightness 
does  not  exceed  0-75  candle  (Hefner) 
per  sq.  cm. 

(3)  For  general  illumination  lamps  of 
greater  brightness  may  be  used.  But 
the  brightness  must  not  exceed  5  candles 
(Hefner)  per  sq.  cm.,  if  the  sources  are 
so  placed  that  the  angle  between  the  line 
from  the  eye  to  the  source  and  the  hori- 
zontal plane  is  less  than  30° ;  in  other 
cases  these  light  sources  must  also  be 
screened  or  enclosed  in  light-diffusing 
globes. 

(4)  Prejudicial  collection  of  products 
of  combustion  and  undue  development 
of  heat  should  be  guarded  against  by 
suitable  ventilation. 
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III.—  EFKK  IENrY. 

In  so  far  as  the  conditions  prescribed 
under  I.  and  II.  can  be  complied  with 
in  various  ways,  the  most  efficient 
arrangement  should  be  adopted. 

IV. — .Esthetic    Considerai  ion. 

Installations  should  be  carried  out  with 
due  regard  to  artistic  effect,  but  correct 
principles  of  illumination  should  not  be 
sacrificed  thereto  ;  in  the  design  of 
lighting  installations  in  public  buildings 
an  architect  should  be  consulted. 


THE  DEPARTMENTAL  (HOME  OFFICE) 
COMMITTEE  ON  LIGHTING  IN 
FACTORIES   AND  WORKSHOPS. 

The  Departmental  Borne  Office  Com- 
mittee on  Lighting  of  Factories  and 
Workshops  has  now  resumed  its  investi- 
gations. The  work  was  temporarily 
abandoned  after  the  publication  of  the 
Committee's  first  report;  owing  to  the 
unusual  conditions  prevailing  during  the 
war.  Additional  members  have  now 
been  appointed  to  the  Committee,  which 
is  now   constituted  as  follows  ; 

SirBichardGlazebrook,  K.B.K..  F.R.S. 
(Chairman);  Mr.  Leon  Gaster  (Hon. 
Secretary  of  the  [llurninating  Engineering 
Society)  :  Prof.  ('.  S.  Sherrington,  D.Sc, 
P.R.S.  (Prof,  of  Physiology,  University 
of  Oxford)  :  Mr.  J.  EL  Parsons,  D.Sc, 
F.R.C.S.  (President  of  the  Illuminating 
Engineering  Society)  i  Mr.  \V.  C.  I>. 
Whetham,  F.R.S.  (Trinity  College,  Cam- 
bridge); Sir  Arthur  Whitelegge,  K.C.I). ; 

Dr.  ('.  S,  Myers,  C.B.E.,  F.S.  (Director  of 

the  Physiological  Laboratoiy1,  Cam- 
bridge) :'  Miss  K.  E.  Squire^  O.B.E. 
(H.M.  Deputy-Principal   Lady  Inspector 

of  Factories);  Mr.  D.  R.  Wilson ,  M.R. 
(Secretary  of  the  Industrial  Fatigue 
Research  Board). 

The  Committee  hopes  to  arrive  at 
definite  standards  of  illnminat  ion  requisite 
for  various  types  of  work,  and  to  extend 
the  field  of  inquiry  so  as  to  include 
industries  not  previously  investigated. 
The  Secretaries  to  the  ( 'ouunittee  are — 
Mr.  J.  W.  T.  Walsh.  M.A..  M.Sc,  of 
the  National  Physical  Laboratory. 
Teddington,  and  Mr.  H.  C.  Weston, 
M.J.Inst.E.,  Investigator  to  the  Indus- 
trial Fatigue  Research  Hoard,  to  whom 
communications  should  lie  addressed 
at  the  offices  of  the  Board,  (>.  John  St  reel . 
Adelphi,  W.C.2. 


PROGRESS    IN    INDUSTRIAL 
LIGHTING. 

In  reading  a  paper  on  the  above  subject 
before  the  Association  of  Engineers  in 
Charge  on  October  13th,  Mr.  Ga- 
recalled  the  historic  discussion  before  the 
Ase or  iation  on  December  11th,  1907,  when 
he  delivered  a  paper  on  "  The  Province 
of  the  Illuminating  Engineer."  At  that 
time  the  conception  of  "  illuminating 
engineering  was  comparatively  new  and 
not  generally  understood,  but  subsequent 
years  had  shown  that  the  proposals  then 
made  were  quite  practicable.  The  fol- 
lowing year  (1908)  saw  the  starting  of 
The  Ii.u  minatinu  Engineer,  and  in 
1909 the  Illuminating  Engineering  Society 
began  tta  work.  Great  advances  in 
knowledge  of  lighting  had  since  been 
made.  Measurements  of  illumination 
were  now  familiar,  and  leading  firms 
concerned  with  lamps  and  fittings  now 
habitually  furnished  polar  curves  of  the 
lighting  units  they  produced. 

In  the  held  of  industrial  lighting 
progress  had  been  especially  rapid.  Mr. 
Gaster  referred  to  the  various  inter- 
national congresses  at  which  this  subject 
was  discussed,  to  the  work  of  the  Depart- 
mental (Home  Office)  Committee  on 
Lighting  in  Factories,  and  to  the  various 
•  odes  of  industrial  lighting  set  up  in  the 
United  States.  A  Large  number  of  slides 
were  shown  illustrating  statistics  on  the 
relation  between  illumination  and  health, 
safety  ami  efficiency  of  work,  and  showing 
typical  modern  lighting  installations. 
In  conclusion  Mr.  Caster  pointed  out  that 
engineers  in  charge  could  render  most 
valuable  assistance  by  collecting  informa- 
tion on  cases  in  which  bad  lighting  had 
caused  accidents,  or  suggesting  arrange- 
ments of  lighting  adapted  to  special 
industrial  processes.  The  Illuminating 
Engineering  Society  would  welcome  their 
attendance  at  meetings  and  also  any 
suggestions  regarding  subjects  which 
afforded  profitable  ground  for  further 
investigation. 

Mr.  Haydn  T.  Harrison,  who  presided, 
likewise  referred  to  the  progress  of  the 
Illuminating  Engineering  Society  and 
expressed  the  hope  that  industrial  lighting 
would  be  closely  studied  by  engineers  in 
charge. 
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AN    INTERESTING    CHURCH    LIGHTING    INSTALLATION. 

By    an    Engineering    Correspondent. 


The  artificial  illumination  of  churches. 
especially  those  where  the  architectural 
features  have  that  beautiful  simplicity 
associated  with  the  Early  English  period, 
has  proved  one  of  the  most  difficult 
problems  which  the  modern  illuminating 
engineer  has  had  to  solve. 

Such    a    case    occurred    lately   in   the 
ancient   City   of  Canterbury,  where   the 


of  direct  concealed  lighting  in  order  that 
the  architectural  features  should  not  be 
marred  by  any  fittings  of  modern  design. 
The  beautiful  result  is  clearly  shown 
in  the  illustration,  the  illumination 
obtained  is  of  a  high  standard,  being  from 
2  to  3  foot-candles,  the  expenditure  of 
energy  being  0"3  watt  per  square  foot 
of   floor    area,    which    high    efficiency   is 


View  of  the  Church  of  St.  Duhstan's,  Canterbury,  taken  by  tin-  artificial  light  provided. 


Church  of  St.  Dunstan's,  one  of  the  first 
resting-places  of  the  Canterbury  Pilgrims 
who  flocked  to  do  penance  at  the  shrine  of 
St.  Thomas  a  Becket,  has  lately  been  con- 
verted from  gas  to  electric  light. 

The  rector  and  churchwardens,  desiring 
to  obtain  the  best  results  of  modern 
illumination,  consulted  Mr.  Haydn 
Harrison,  M.I.E.E.,  who  advised  the  use 


obtained  by  the  use  of  gas-filled  lamps  in 
combination  with  suitable  reflectors. 

The  installation  has  been  excellently 
carried  out  by  Mr.  S.  Terry  of  that  city. 
The  wiring  was  done  in  a  very  >hort  time, 
and  at  a  cost  much  lower  than  that  which 
is  generally  expended  upon  the  garish 
installations  which  so  often  disfigure 
some  of  our  most  beautiful  buildings. 
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THE    DISTRIBUTION    OF    LIGHT    AND    SPHERICAL    REDUCTION    FACTORS 
OF   ELECTRIC   INCANDESCENT   LAMPS.* 

By  M.  Igari  (Physicist  of  the  Research  Laboratory  of  the  Tokyo  Electric  Co.). 


It  has  long  been  usual  to  express  the 
light  yielded  by  electric  incandescent 
lamps  in  terms  of  the  BO-called  mean 
horizontal candlepower.  The  introduction 
of  the  gas-filled  lamp,  however,  has 
shown  the  desirability  of  giving  values 
in  terms  of  total  flux  of  light  or  mean 
spherical  candlepower.  With  such  varied 
forms  of  filament,  values  of  horizontal 
candlepower  are  misleading  as  a  basis 
of  comparison.  It.  would  therefore  be 
helpful  to  know  the  spherical  reduction 
factors  for  various  forms  of  filaments, 
enabling  horizontal  c.p.  to  be  converted 
into  mean  spherical  c.p.  or  vice  versa. 

The  factor  may  be  ascertained  either 
by  applying  the  Rousseau  construction 
(or.  its  equivalent)  to  the  polar  curve  of 
light  distribution,  or  by  means  of  the 
Integrating  Sphere  Photometer.  In  the 
original  paper  the  author  describes  this 
familiar  construction,  and  mentions  that 
values  with  the  integrating  sphere  have 
also  been  obtained. 

Tests  were  made  on  a  series  of  19  types 


of  lamps  (13  of  the  ,-  Mazda  B  "  and  five 
of  the  "  Mazda  C  "  type,  and  one  carbon 
filament  lamp),  some  having  clear  bulbs 
and  others  frosted  ones.  Five  to  ten 
lamps  of  each  type  were  tested. 

The  following  values  are  mentioned  as 
typical : — 


Type  of  Lamp 


equation  of  a  circle.  The  spherical  reduc- 
tion factor  for  such  a  line  source  is  -  1 
or  0-785. 

On  the  other  hand  the  light-distribu- 
tion from  a  horizontal  ring  filament  is 
represented  by  : — 

/..    ^PE(Sinfl) 

where  IY  is  the  candlepower  vertically 
downwards,  E(Sin0)  an  elliptical  integral 
of  the  second  order.  The  spherical 
reduction  factor  of  such  a  source  is 
theoretically  L234. 

Mazda  B  Lamps  approach  closely  the 
first  ease  ot  a  vertical  luminous  line  and 
Mazda  C  the  second  case  of  a  horizontal 
Luminous  ring.  Intermediate  conditions, 
e.g.,  zigzag  filaments,  also  exist. 

The  shape  of  the  bulb  has  also  an 
appreciable  influence  on  the  spherical 
reduction  factor.  Experiments  with 
straight-sided  (S)  and  globular  (G)  bulbs 
show,  on  the  average,  the  following 
results  : — 

Spherical   Pi  eduction   Factor  of   S  Bulb  Lamp  __  n.(,fi 
Spherical  Reduction  Factor  of  G  Bulb  Lamp 

Comparisons  were  also  made  between 
clear  and  frosted  bulbs,  experiments 
showing  that  the  ratio  of  the  mean 
spherical  candlepowers  in  the  two  cases 
is  0-91,  i.e.,  9  per  cent,  of  the  total  light 
is  absorbed  through  frosting.  The  dis- 
tribution of  candlepower  is  also  altered. 
Generally  speaking  the  effect  of  frosting 
is  to  smooth  out  irregularities  in  the 
curve  of  light  distribution. 


Spherical 

Reduction 

Factor. 

0-780 


100  v.  Mazda  B        '    . . 
100  v.  Mazda  C 

(Flood  Lighting)  0-854 

100  v.  Mazda  0  ...  <>-978 

100  v.  Mazda  C 

(Ring  filament)  LI  17 

These  differences  are  due  to  the 
variety  of  form  of  filament.  The  ordinary 
straight  filament  resembles  in  light- 
distribution  a  glowing  vertical  line.  The 
polar  curve  in  this  theoretical  case 
would  be  given  by  I0  =  I,t  sin  0  where 
/  is  the  horizontal  intensity.     This  is  the 

*  Abstract  of  a  paper  read  before  the  Illumina- 
ting Engineering  Society  of  Japan. 


THE  VISIBILITY  OF  RADIATION. 

The  Proceedings  of  the  Japanese 
Physical  and  Mathematical  Society  for 
September,  1920,  contained  a  contribu- 
tion by  Mr.  Masamichi  So  on  the  "  Visi- 
bility of  Radiation."'  The  results  of  tests 
of  21  observers  are  summarised,  and  it 
appears  that  the  curve  of  distribution  of 
luminosity  through  the  spectrum  is  sub- 
stantially the  same  as  that  obtained  by 
various  workers  in  the  United  States. 
It  is  interesting  to  note  this  agreement 
between  American  and  Japanese  eyes. 
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PROGRESS   IN   LIGHTING.* 

New  Developments  in  Theory  and  Practice. 

By  W.  E.  Bush  (Illuminating  Eng.  Dept.  British  Thomson-Houston  Co..  Ltd.). 


Much  has  been  said  and  written  on  the 
subject  of  artificial  lighting,  but  it  is 
doubtful  whether  much  of  this  information 
is  generally  understood,  except  by  the  few 
whose  business  is  concerned  with  the 
advancement  of  lighting.  For  centuries 
light  has  been  treated  in  such  a  casual 
manner  that  it  is  difficult  to  make  people 
realise,  without  introducing  technicalities, 
that  there  is  "  more  in  it."  Until  a  few 
years  ago  the  sole  criterion  by  which 
artificial  lighting  was  judged  was  the 
candlepower  of  the  lamp.  Nowadays 
this  rule-of-thumb  attitude  is  giving  place 
to  a  more  scientific  conception  of  the 
function  of  artificial  lighting.  It  is  now 
understood  that  candlepower  is  merely 
the  basis  of  calculation  ;  the  thing  that 
matters  is  the  effective  illumination  over 
the  area  (or  throughout  the  space)  where 
light  is  needed.  The  lower-  the  candle- 
power  of  lamps  used  to  obtain  this 
desired  result  the  better. 

Mr.  Bush  then  proceeded  to  explain 
the  basis  of  calculations  of  illumination, 
defining  such  terms  as  horizontal  candle- 
power,  mean  spherical  candlepower  and 
the  lumen.  The  conception  of  the 
lumen,  as  the  flux  of  light  corresponding 
with  the  reception  of  an  illumination  of 
one  foot-candle  over  an  area  of  one  square 
foot,  or  as  4tt  times  the  mean  spherical 
candlepower,  can  be  readily  explained 
by  considering  a  model  hollow  sphere, 
having  at  its  centre  a  small  glow  lamp 
of  one  candlepower,  and  a  detachable 
portion  one  square  foot  in  area,  forming 
\tt  of  the  whole  superficial  area  of  the 
sphere.  Mr.  Bush  also  illustrated  the 
treatment  of  flux  of  light  by  the  analogy 
of  a  pool  of  water. 

*  Abstract  of  a  paper  read  before  the  National 
Association  of  Supervising  Electricians  on 
December  14th,  1920. 


Mr.  Bush  next  exhibited  a  simple 
form  of  "  foot -candle  meter"  using  a 
scale  having  a  number  of  translucent 
spots  of  graded  brightness  situated  in  a 
white  strip  of  paper,  which  receives  the 
illumination  to  be  measured.  The  illum- 
ination can  then  be  read  off  by  inspection 
of  the  scale  without  its  being  necessary 
to  manipulate  the  instrument  to  obtain 
balance.  The  limits  of  the  scale  are 
O05  to  25  ft. -candles,  and  the  light  is 
derived  from  a  small  glow  lamp  under 
one  end  of  the  scale,  receiving  current 
from  a  dry  cell.  A  voltmeter  and 
rheostat  enable  the  voltage  to  be 
adjusted  to  the  correct  value  for  which 
the  instrument  was  originally  calibrated. 
Such  an  instrument  can  be  readily  carried 
about  for  checking  the  illumination  in 
different  interiors,  for  which  the  lecturer 
suggested  the  following  values  : — 

General  office  lighting  ..  5  ft. -candle- 
Drawing  office  .  .  .  .  8 
Machine  shop  .  .  .  .  5 
School  classrooms  .  .  4 
Weaving  shed  .  .  . .  4 
General  store  illumination  5 
Operating  tables  30 

Apart  from  the  useful  illumination 
received  on  the  working  plane,  it  is 
important  to  know  the  percentage  of 
the  total  light  furnished  by  the  lamps 
falling  on  the  working  plane,  the  "  utilisa- 
tion-factor," which  is  expressed  in  the 
relation  :  Total  light in  lumens=  intensity 
in  foot-candles  <  area  in  square  Eeel 
utilisation  factor.  This  enables  the  total 
lumens  required  in  a  room  to  be  deter- 
mined, after  which  the  choice  of  fittings 
and  their  arrangement  must  be  studied. 
The  lecturer  briefly  referred  to  direct, 
semi-indirect  and  indirect  lighting,  and 
the  methods  adopted  of  spacing  the  light- 
ing units  and   selecting  their   height,    a 
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typical  example  being  worked  out. 
The  requirements  in  a  good  lighting 
installation  may  be  briefly  stated  to  be: 
Efficiency,  uniformity,  diffusion,  eye- 
protection  (i.e.,  elimination  of  glare). 
An  important  element  in  factory  lighting 
is  the  relation  between  conditions  of 
illumination  and  production.  The  results 
oi  improved  lighting,  namely,  better 
conditions,  health,  better  workmanship, 
fewer  accidents  and  decreased  spoilage, 
all  tend  towards  the  desired  end 
increased  production. 


Bush  said  a  few  words  on  the  lighting 
specification  of  the  future,  pointing  out 
the  desirability  of  insisting  upon  a 
guarantee  of  intensity  and  uniformity  of 
illumination — a  condition  already  pre- 
scribed  by  some  consulting  engineers, 
factory  managers,  and  Government 
Departments.  Ultimately  minimum 
values  of  illumination  in  factories  will 
probably  be  specified  by  statute. 

In  conclusion.  Mr.  Bush  dealt  brief! v 
with  various  problems  in  illumination, 
such  as  the  lighting  of  churches,  picture 


FIG.   1.  —Factory  showing  illumination  of  Sewing  Machines  by  means  of  Local  Reflectors 

and  Lamps. 


It  is  well  known,  moreover,  that 
lighting  forms  only  a  small  proportion 
of  the  total  cost  of  production.  The 
lecturer  illustrated  this  by  considering 
the  total  running  expenditure  involved 
in  a  lamp  and  reflector  used  for  300 
working  days,  showing  that  the  cost 
of  lighting  amounted  to  £2  3s.,  as 
compared  with  a  cost  of  labour  (8 
hours  per  day  for  300  days  at  2s.  6d. 
per  hour)  of  £300,  that  is  about  0-7  per 
cent. 

In  the  latter  part  of  the  lecture  Mr. 


galleries,  offices,  shop-windows,  and 
interiors,  and  factories.  His  remarks  were 
illustrated  by  views  of  a  number  of 
typical  lighting  installations.  By  the 
courtesy  of  the  British  Thomson-Houston 
Co.,  Ltd.,  a  few  of  these  illustrations  are 
here  reproduced.  The  first  illustration 
shows  a  factory  in  which  local  shaded 
lamps  are  employed,  while  in  the  other 
two  installations  effective  use  is  made 
of  indirect  methods  of  lighting,  respect- 
ively by  bowls  and  by  lamps  concealed 
in  special  trough  reflectors. 
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Ym.  2. — Indirect  Lighting  in  the  Royal  Institution  of  Great  Britain. 


Fk;.  3. ShowinL'  the  Church  of  Sacred  Heart,  Donnybrook.  illuminated 

by  Concealed  lamps  in  Trough  Reflectors. 


DISCUSSION  ON  ELECTROPLATING.  in  the  Mappin  Hall  of  the  Department 

of  Applied  Science  of  the  University  of 
A.    ioint    meeting,    organised    bv    the      Sheffield,  St.  George's  Square,  on  Friday, 
Faraday  Society  and  the  Sheffield  Section      November  19th,  to  discuss  papers  dealing 
of    the'  Institute    of    Metals,    was    held      with  various  aspects  of  electroplating. 

C    2 
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GAS    FITTINGS    IN    NEW    HOUSES.* 

In  a  paper  before  the  Midland  Union 
Gas  Association,  Mr.  A.  Hill  recently 
discussed  various  questions  arising  out  of 
the  supply  ol  gas  to  workers'  new  houses, 
such  as  are  being  provided  by  authorities 
in  various  towns.  It  is  pointed  out  that 
gas  is  very  largely  used  in  such  houses  and 
that  the  satisfaction  of  the  consumer 
depends  greatly  on  the  way  in  which  the 
house  is  piped.  In  Birmingham  a  specifi- 
cation relating  to  internal  piping  has  been 
prepared  for  the  use  of  architects  and 
builders.  The  service-pipe  is  laid  up  to 
30ft.  to  each  house  if  this  specification 
is  complied  with  ;  up  to  September  3()th 
.si  per  cent,  of  houses  could  not  be  passed 
us  complying  with  the  specification. 

Mr.  Hill's  remarks  referred  chiefly  to 
six-room      houses.         According      to      the 

specification  all  supplies  are  taken  through 
a  |-in.  main:  running  separate  heating 
and  cooking-lighting  services  is  advan- 
tageous, but  cost  is  an  item  to  consider. 

The  B.C. (J. A.  specify  g-in.  pipes  for 
pendants,  and  the  Birmingham  specifi- 
cation requires  that  no  pipes  less  than 
J-in.  diameter  are  to  be  laid  horizontally 

under  boards.     The  position  of  the  meter 

deserves  consideration  ;  it  is  sometimes 
put  in  a  box  and  placed  in  the  corner  of 
the  largest  living  room,  which  is  safe  and 
convenient,  but  open  to  possible  objection 
on  aesthetic  grounds.  Some  difference 
of  opinion  seems  at  present  to  exist 
regarding  the  size  of  meter,  which,  for 
reasons  of  cost,  should  not  be  greater  than 
strictly  necessary.  It  is  common  prac- 
tice to  assume  that  the  meter  will  not  have 
to  take  more  than  two-thirds  of  the  total 
capacity  of  apparatus  installed  ;  but 
some  assume  that  all  such  apparatus  may 
be  used  at  the  same  time. 

In  the  six-room  house,  occupied  say  by 
man  and  wife  and  one  child,  there  are 
seven  lighting  points,  apart  from  gas 
fires  and  cookers.  A  debatable  point 
is  the  choice  of  pendants  or  brackets  for 
bedrooms.  With  electric  lighting,  pen- 
dants are  general,  but  it  is  found  that 
consumers  prefer  brackets  for  gas  lighting. 
The  height  of  brackets  is  laid  down  in  the 
specification  as  6  ft.  to  6  ft.  3  in.     Tins 


*  Gas  Journal,  Nov.  17,  1920. 


assumes  the  use  of  inverted  mantles  (the 
quality  of  gas  is  unsuitable  for  flat  flame 
burners).  The  ceilings  in  the  new  houses 
are  8  ft.  high.  If  the  bottom  of  the 
globe  of  an  inverted  pendant  is  6  ft. 
from  the  floor  the  pendant  itself  will  be 
about  1  ft.  3  in.  long,  and  the  mantle  will 
be  21  in.  from  the  ceiling  ;  the  desir- 
ability of  some  form  of  ceiling  protector 
deserves  consideral  ion. 

In  the  discussion  it  was  considered 
preferable,  in  the  better  class  of  house,  to 
have  separate  supplies  for  heating  and 
lighting.  It  was  also  suggested  that 
brackets  were  preferable  for  the  lighting 
of  bedrooms,  as  t  his  made  it  easier  for  the 
consumer  to  alter  the  position  of  his 
furniture. 


THE     USE     OF     GREEN  LIGHT      IN 
GLASS-BLOWING  WORKS. 

I'>v   an    Engineering   Correspondent. 

Yimbiijtv  for  glass-blowing  can  be 
improved  in  daylight  by  filtering  out  the 
red  rays  by  glazing  the  existing  windows 
with  green-coloured  glass,  thereby  elim- 
inating interference  with  the  self- 
luminous  red  rays  from  radiant  heat 
sources,  so  producing  greater  clarity  of 
vision  and  producing  a  greater  contrast 
in  the  appearance  of  metal  when  seen 
respectively  in  the  hot  and  the  cold 
states.  This  fact  is  illustrated  by  the 
adoption  in  some  works  of  this  descrip- 
tion of  Cooper  Hewitt  mercury  vapour 
lamps  in  which  the  (in  this  case)  objec- 
tionable red  rays  are  lacking.  The  high 
luminous  efficiency  (approx.  6  candle- 
power  per  watt)  of  these  lamps  and  the 
good  diffusion  of  light  are  also  advantages. 

Where  electricity  is  not  available  the 
same  principle  can  be  applied  by  colouring 
the  globes.  It  is  essential  that  this 
colour-correction  should  be  made  at  the 
source.  Tinted  spectacles  which  come 
between  the  work  and  the  eye  and 
entirely  obliterate  the  red  rays  are 
naturally  useless. 

The  system  of  glazing  the  window 
glass  a  green  colour  should  also  com- 
mend itself,  as  the  difference  between  the 
cost  of  ordinary  window  glass  and  the 
coloured  glass,  is  the  sole  expense 
incurred. 
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GAS  IN  RELATION  TO  THE  HOUSING  PROBLEM. 


We  notice  in  the  Gas  World  an  account 
of  a  lecture  recently  delivered  by  Mr. 
F.  W.  Goodenough  at  a  meeting  of 
municipal  and  county  engineers  held  at 
the  Beckton  works  of  the  Gas  Light  and 
Coke  Company.  Mr.  Goodenough,  in  his 
introductory  remarks,  emphasised  the 
important  part  played  by  good  lighting 
as  a  factor  in  health.  Much  has  been 
done  during  recent  years  to  remove 
dangers  to  health,  but  we  have  yet  to 
do  all  we  can  to  prevent  the  "  diseases 
of  darkness,"'  i.e..  the  diseases  which 
flourish  where  sunlight  penetrates  not. 
With  a  view  to  the  prevention  of  pollution 
of  the  atmosphere  he  welcomed  the 
opportunity  of  putting  before  municipal 
engineers  the  case  for  making  provision 
for  the  use  of  gas  for  heating,  cooking, 
and  lighting  in  homes  erected  for  the 
working  classes  under  municipal  housing 
schemes.  This  case  rested  on  the  benefit 
to  the  health  of  the  community  arising 
from  prevention  of  the  smoke  nuisance, 
the  need  for  providing  for  the  working 
classes  a  higher  standard  of  living,  the 
need  for  economy  in  the  use  of  the 
nation's  coal  resources,  and  the  ensuing 
economy  in  building  construction.  So 
far  as  lighting  is  concerned,  gas  and 
electricity  were  of  equal  merit  when  judged 
by  national  considerations.  Heat  wasted 
in  converting  coal  into  electricity  was 
nearly  counterbalanced  by  waste  in- 
volved in  turning  the  heat  of  gas  into 
light.  Mr.  Goodenough  epioted  the 
familiar  results  obtained  by  the  late 
Prof.  Vivian  Lewes  and  Dr.  S.  Rideal 
affecting  the  choice  of  gas  and  electricity 
for  lighting  from  the  hygienic  standpoint. 
There  was  little  to  choose  between  the 
two  illuminants  in  respect  of  health.  In 
regard  to  cost,  gas  was  cheaper  than 
electricity,  but  the  greater  ease  of  control 
of  the  latter  partiallv  counterbalanced 
this  difference.     One  interesting  point  was 


that  many  consumers  valued  highly  the 
greater  amount  of  heat  given  out  by 
gas  lighting  as  compared  with  electricity. 
The  illuminant  besides  lighting  the  rooms 
also  serves  partially  to  heat  them. 

In  any  case  tenants  must  have  gas 
supplies  available  for  heating,  cooking, 
washing,  etc..  and  the  occupants  of 
houses  erected  under  municipal  schemes 
were  not  disposed  to  instal  a  separate 
electrical  service  for  lighting.  No  one 
recognised  more  clearly  than  he  did  that 
there  was  a  big  field  for  electric  light  ;  but 
that  field  did  not  include  the  great 
majority  of  houses  covered  by  the 
municipal  housing  schemes  of  to-day. 

Mr.  Goodenough  also  laid  stress  on  the 
great  saving  in  the  cost  of  building  con- 
struction arising  from  the  substitution  of 
flues  suitable  for  gas  fires,  in  place  of  the 
much  larger  Hues  required  for  coal  fires. 
Investigations  in  1919  showed  a  saving 
of  £45  per  cottage  of  four  rooms  against 
which  £15  might  be  put  for  the  provision 
and  fixing  of  the  necessary  gas  appliances. 
Mr.  Swain,  architect  to  Messrs.  Rowntree. 
of  York,  had  independently  estimated 
the  gross  saving  at  £42,  or  5,000  bricks 
per  cottage. 

In  the  discussion  Mr.  W.  R.  Davidge. 
of  the  Ministry  of  Health,  referred  to  the 
problem  facing  many  authorities  in 
deciding  the  relative  claims  of  electricity 
and  gas.  Most  electricity  undertakings 
had  been  willing  to  meet  part  of  the 
initial  cost.  He  also  wished  to  express 
his  appreciation  of  the  way  in  which  gas 
companies  carried  out  their  business. 

A  number  of  borough  engineers  who 
joined  in  the  discussion  gave  their 
experience  of  municipal  housing  schemes. 
Mr.  Scorgie  (Hackney)  contended  that  in 
Hacknev  electricity  was  cheaper  than  gas 
for  lighting.  If  gas  was  used  for  heating 
and  cooking  it  was  still  necessary  to  run 
separate  mains  for  lighting.     The  housing 
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boards  with  which  he  was  connected  had 
practically  agreed  to  the  house  with  all 
gas  except  for  the  living  room.  Mr.  F. 
Wilkinson  (Willesden)  believed  in  elec- 
tricity for  lighting,  but  it  was  doubtless 
more  expensive  for  heating.  He  had  gas 
fires  in  every  room  but  one  in  his  house. 
He  also  referred  to  the  effect  of  gas- 
lighting  on  decorations. 

The  President  of  the  Institution.  Mr. 
James  Thomson,  said  that  they  had  tried 
both  electricity  and  gas  in  Dundee,  and 
were  not  yet  satisfied.  They  were  now 
trying  out  special  houses,  one  with  gae 
and  one  with  electricity.  They  were  also 
trying  a  scheme  for  a  continuous  supply 
of  hot  water  from  a  communal  laundry 
at  2s.  6d.  a  week. 

Mr.  Goodenough,  in  reply,  said  that  he 
did  not  propose  for  the  working  man  an 
entirely  gas  house,  as  he  could  not  afford 


to  use  gas  all  day.  Coal  or  coke  was 
suggested  for  the  living  room  fire.  He 
agreed  that  in  the  comparative  repair  of 
a  house  as  between  the  use  of  gas  and 
electricity  there  was  some  difference  in 
favour  of  electricity.  But  in  any  case 
frequent  whitewashing  of  the  type  of 
houses  and  tenements  now  being  erected 
was  desirable.  He  thought  that  the  cost 
of  lighting  with  electricity  in  Hackney 
was  greater  than  gas  lighting,  even 
though  the  price  of  electricity  was  very 
low.  In  regard  to  the  stocking  of  coal, 
a  combination  of  gas  and  electricity 
undertakings  would  present  advantage-. 
Central  heating,  about  which  .Mr. 
Thomson  had  spoken,  was  nut  suitable  in 
the  southern  parts  of  the  British  Isles, 
where  the  weather  was  continually 
changing.  In  these  circumstances  a 
system  of  heating  which  could  be  quickly 
put  into  operation  was  needed. 


THE  LIGHTING  OF  A  LONDON  COUNTY 

COUNCIL  ESTATE. 

An  interesting  situation  has  arisen  in 
connection  with  the  London  County 
Council  housing  scheme  at  Be<  ontree, 
in  the  Ilford  and  Barking  districts. 
According  to  the  Gas  World,  the  Housing 
Committee  inquired  into  the  adoption  of 
either  (1)  the  use  of  gas  to  the  exclusion 
of  electricity,  (2)  the  use  of  electricity 
for  lighting  and  gas  for  heating  and 
cooking,  and  (3)  the  lighting  of  some  of 
the  houses  by  electricity  and  the 
remainder  by  gas.  It  was  found  that 
the  cost  of  installation  of  electric  light 
would  be  heavy,  and  that  additional 
expenditure  would  be  involved  in  the 
higher  prices  charged  by  the  Gas  Light 
and  Coke  Company  for  supplying  gas  for 
heating  and  cooking  if  only  electric  light 
was  employed. 

The  Committee  accordingly  proposed, 
as  a  general  principle,  that  electricity 
should  be  used  for  lighting  purposes 
in  the  streets  at  Becontree  having  sites 
fronting  thereon  available  for  leasing, 
and  in  the  buildings  abutting  on  such 
streets  ;  and  that  for  the  present  gas 
should  be  used  on  the  remainder  of  the 
estate.  The  Committee  further  recom- 
mended that  an  agreement  should  be 
entered  into  with  the  Gas  Light  and  Coke 
Company  (1 )  for  the  supply  of  gas  for  heat- 


ing and  cooking  purposes  only  to  houses  to 
lie  lighted  by  electricity  (not  exceeding  25 
per  cent.),  the  Company  providing  gas 
cooker  and  water  heater  in  consideration 
of  the  Council  supplying  two  built-in 
I  ins  in  houses  having  more  than  four 
rooms,  and  making  a  capital  payment  of 
£8  per  house  ;  and  (2)  for  the  supply 
of  gas  for  lighting,  heating  and  cooking 
purposes  to  the  remaining  75  per  cent, 
of  houses  completed,  the  company  supply- 
ing all  necessary  fittings  for  lighting  and 
cooking,  including  gas  cooking  stove 
and  water  heater,  and  piping  to  two  gas 
fires  in  each  house,  in  consideration  of  a 
capital  payment  of  £5  a  house,  and  the 
Council  supplying  two  built-in  gas  fires 
in  houses  having  more  than  four  rooms. 

THE     MAINTENANCE    OF    LIGHTING 
INSTALLATIONS. 

It  is  interesting  to  note  that  the  Common- 
wealth Edison  Company  of  Chicago 
maintains  lighting  units  for  nearly  37,000 
customers  at  a  fixed  rate  per  lamp  per 
month  (varying  from  37  cents  to  lh 
dollars  per  unit). 

The  Company  cleans  the  lamps,  globes 
and  reflectors  at  least  once  a  month,  and 
where  special  factory  conditions  require 
more  frequent  cleaning  it  makes  a  practice 
of  cleaning  the  lamps  twice  a  month 
without  extra  charge. 
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THE   DESIGN   OF   GAS   SHOWROOMS. 

At  the  recent  B.C.G.A.  Conference. 
Mr.  H.  Austen  Hall,  F.R.I.B.A..  gave 
a  lantern  lecture  on  the  design,  planning 
and  equipment  of  showrooms.  He 
pointed  out  that  the  arrangement  of 
many  gas  showrooms  was  badly  con- 
ceived, ceilings  being  hidden  by  hundreds 
of  pendants  of  different  design  massed 
together.  The  effect  of  these  unsuitable 
methods  of  display  was  depressing, 
and  gave  the  public  no  idea  of  the 
charm  which  suitable  fittings  should 
possess  in  their  own  homes.  His  idea 
of  a  good  showroom  was  that  it  should 
be  designed  to  express  the  beauty  of 
good  lighting  within  surroundings  which 
enhanced  the  value  of  the  fittings  without 
competing  with  them  in  interest.  It  was 
the  application  to  life  of  the  inventions 
in  the  gas  industry  that  reached  the 
public  mind,  and  not  the  mere  exhibition 
of  numberless  types  of  stoves  or  lamps, 
which  were  more  properly  confined 
to  the  stockrooms  adjoining  the  show 
room. 


THE  OPPORTUNITIES  AND  OBLIGA- 
TIONS OF  A  GREAT  PUBLIC 
SERVICE. 

In  a  paper  under  the  above  title  read 
at  the  recent  Conference  of  the  British 
Commercial  Gas  Association,  Mr.  F.  W. 
Goodenough  laid  stress  on  the  importance 
to  gas  companies  of  maintaining  a  high 
standard  of  public  service.  It  had 
been  well  said  that  "  we  make  our  money 
out  of  our  friends  :  for  our  enemies 
never  willingly  deal  with  us.'"  One 
could  only  make  friends  with  consumers 
by  giving  them  good  service  in  every 
sense  of  the  term.  "By  supplying  gas 
of  consistent  and  adequate  quality  and 
pressure  ;  by  ensuring  that  they  have 
suitable  and  economical  gas-consuming 
appliances,  properly  fixed  and  efficiently 


maintained  :  by  treating  every  complaint 
made  as  having  for  its  origin  either  fault 
on  your  part  or  misunderstanding  on 
that  of  the  consumer  :  by  taking  as  your 
motto  and  ensuring  that  your  staff  take 
it  as  theirs  the  facts  that  '  the  con- 
sumer pays  wages,  salaries  and  dividends 
— the  satisfied  consumer  is  the  best 
advertisement — it  is  our  business  to 
satisfy  the  consumer  always  .  .  . 
you  will  make  friends  of  the  consumer- 
public,  because  you  will  have  served 
the  public  well." 

By  the  use  of  adequate,  persistent, 
well  -  convinced  and  well  -  executed 
publicity,  on.  the  broadest  plan,  backed 
up  by  courteous  efficient  service  one 
could  secure  the  maximum  possible 
development  of  an  undertaking  at  the 
least  possible  cost. 


THE  INFLUENCE  OF  QUALITY  OF  GAS 
ON  BURNERS. 

Some  interesting  questions  were 
recently  raised  by  Mr.  J.  Jamieson,  the 
President  of  the  Western  District  of  the 
Scottish  Junior  Gas  Association  in  a 
recent  address.  It  is  stated  that  gas  of 
only  400  B.Th.U.can  be  delivered  without 
increasing  the  complaint  list  (though 
the  Gas  World  in  commenting  on  this 
matter  emphasises  the  distinction  between 
"  gross  "  and  "  nett  "  values).  Indeed, 
Mr.  Jamieson  has  apparently  found  that 
such  low  grade  gas  gives  better  results 
than  high  grade  gas  in  incandescent 
burners.  The  question  is,  however, 
whether  these  better  results  involve  a 
higher  consumption. 

In  particular  Mr.  Jamieson  urged  on 
makers  of  burners  the  need  for  developing 
types  suitable  for  use  with  low  grade 
gas.  A  special  case  was  afforded  by 
imits  for  stair  and  passage  lighting  where 
only  one  cubic  foot  per  hour  is  used. 
It  was  stated  that  the  Greenock  Corpora- 
tion was  obliged  to  have  a  burner  and 
mantle  made  to  specification  as  there 
was  no  burner  on  the  market  suitable 
for  use  in  this  way  with  low  grade  gas. 
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SILENT  AERATED  FLAMES. 

The  problem  of  eliminating  noise  in  gas- 
burners  is  one  of  great  scientific  interest, 
as  well  as  being  obviously  of  practical 
importance.   In  a  recent  leeture  before  the 
Yorkshire   Junior   Gas   Association,    Mr. 
Hamilton  Davis  describes  some  investiga- 
tions on  this  point.    His  inquiries  related 
primarily  to    burners   used    in    gas    fires, 
but  the  considerations   would  doubtless 
apply  to  some  extent  to  burner*  used  for 
lighting   as  well.      Two   explanations   of 
noise  have  been  suggested,  (1)  that   the 
mixture   consumed    was     "streaky"  and 
combustion    therefore    irregular,    leading 
to    flame    noise  ;     (2)   that  .even    with    a 
homogeneous     mixture     eddies    may    be 
developed  in  the  current  of  tin'  mixture, 
which  likewise  give  rise  to  audible  effects. 
Mr.    Davies    admitted    that    cither   of 
the   two    phenomena    mentioned    above 
might    cause    noisiness,    but    he    thought 
that  there  were  other  factors  to  be  con- 
sidered.    He  accordingly  described  some 
experiments,    the    behaviour    of    single 
flames    burning    from    tubes    of    various 
lengths  and  sectional  areas  being  exam- 
ined.    Separate  supplies  of  coal  gas  and 
air,  both  under  pressure,  were  mixed  in  a 
vessel    packed    with    rolls    and    discs    of 
gauze,  so  as  to  produce  a  homogeneous 
mixture  in  any  desired  proportions. 

The  conclusions  of  these  experiments 
were  summarised  as  follows  : — 

(1)  The  noise  of  an  aerated  flame  was 
not  necessarily  due  to  imperfect  mixing 
of  gas  and  air,  nor  to  the  presence  of 
eddies  in  the  current  of  the  mixture. 

(2)  The  type  of  supply  chamber  might 
influence  the  result,  but  such  influence, 
if  it  existed,  would  be  constant  and  not 
invalidate  the  tests. 

(3)  A  flame  produced  at  the  orifice 
of  a  single  tube  by  the  combustion  of  a 
homogeneous  gas  mixture  was  noisy 
if  a  critical  consumption  depending  on  the 
length  and  bore  of  the  tube  was  exceeded. 

(4)  Consumption  increased  as  length 
increased  until  a  critical  length  was 
reached,  after  which  consumption  was 
constant. 

(5)  When  lengths  equal  to  or  greater 
than    the    critical    lengths    of    tubes    of 


different    diameter   were    compared,    the 
consumptions    producing    "just    silent 
steady   flames   were   nearly   proportional 
to    the    diameters    or    internal    circum- 
ferences of  the  tubes. 

In  further  explanation  it  was  stated 
that  if  more  than  a  certain  rate  of  mixture 
was  consumed  the  differential  value 
between  the  velocities  of  the  central  and 
peripheral  streams  was  disturbed,  and  an 
unstable  slate  existed,  oscillations  arising 
which   ultimately  gave  rise,  to  noise. 


THE    USE   OF    ELECTRICITY    IN    GAS 
WORKS. 

(  ).\k  of  the  most  intend  ing  developments 
in  recent  years  has  been  the  increasing 
use  of  electricity  in  a  modern  gas  works, 
which  formed  the  subject  of  a  recent 
paper  before  the  Institution  of  Electrical 
Engineers.  Originally  applied  mainly 
in  connection  with  automatic  stoking 
machinery,  coal  conveyers,  etc.,  electric 
motors  have  been  extended  to  pumps, 
washers  and  other  appliances,  and  it  was 
stated  that  there  is  one  gas  company 
which  uses  in  its  works  as  much  as  a 
million  units  per  year,  generated  on 
the  premises.  One  interesting  special 
instance  of  electricity  proving  of  service 
to  gas  works  is  to  be  found  in  a  new 
electrical  device  for  measuring  the  flow 
of  gas,  which  seems  likely  to  enable  the 
gas  engineer  to  obtain  detailed  records 
of  output  on  exactly  similar  lines  to  those 
obtained  in  an  electrical  supply  station. 

One  scheme,  still  in  the  experimental 
stage,  contemplates  a  still  more  radical 
departure,  namely,  the  use  of  the  electric- 
arc  for  coal  carbonisation.  The  Gas 
Journal  records  that  Mr.  J.  Mogford, 
the  gas  and  electrical  engineer  of  Briton 
Ferry,  suggested  such  a  scheme  some 
years  ago,  and  it  is  added  that  Mr. 
C.  H.  Merz.  to  whom  the  idea  was  sub- 
mitted, has  also  interested  himself  in  a 
system  of  carbonisation,  which  it  was 
proposed  to  combine  with  the  generation 
of  electrical  energy.  Thus  the  sharp 
distinction  formerly  existing  between  the 
electrical  and  the  gas  industry  is  being 
removed,  and  it  appears  possible  that 
in  the  future  the  engineer  in  charge  of  a 
gas  works  will  be  equally  conversant  with 
electrical  work. 
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TOPICAL     AND     INDUSTRIAL    SECTION. 

—  •  •  •  •  — 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  Dew  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  Will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


THE  LIGHTING  OF  SLOUGH   MOTOR- 
REPAIRING  DEPOT. 

We  have  received  from  the  Benjamin 
Electric,  Ltd.,  some  particulars  of  the 
lighting  at  the  Motor  Repair  Depot,  an 
account  of  which  was  given  in  this  journal 
last  year.  It  will  be  recalled  that  the 
works  occupy  a  very  considerable  area, 
exceeding  600  acres,  and  many  of  the 
sheds  offer  interesting  examples  of  the 
lighting  of  large  industrial  interiors. 
Most  of  the  operations  carried  on  in  a 
motor-repair  depot  are  such  as  to  demand 
uniform  general  lighting.  In  view  of  the 
movement  of  cars  over  the  floors  it  is 
desirable  that  lights  should  be  spaced 
high  up  out  of  the  direct  range  of  vision, 
leaving  a  clear  space  below.  Accordingly 
the  usual  method  is  to  instal  overhead 
lights  at  a  level  20  feet  or  more  above  the 
floor,  gas -filled  lamps  in  appropriate 
Benjamin  reflectors  being  invariably 
employed. 

From  the  numerous  illustrations  avail- 
able, reproduced  from  photographs  taken 
solely  by  the  artificial  light,  two  examples, 
for  which  we  are  indebted  to  the  courtesy 
of  the  Benjamin  Electric.  Ltd.,  are  pre- 
sented on  the  following  pages. 

The  first  of  these  shows  the  lighting  of 
the  Power  Station  which  supplies  the 
whole  of  the  Depot .  The  general  lighting 
is  effected  by  two  rows  of  six  300    watt 


gas-filled  lamps  in  Benjamin  reflectors, 
mounted  21  feet  above  the  floor  level. 
We  understand  that  the  working  illumin- 
ation exceeds  4  foot -candles  and  that  the 
consumption  of  electricity  over  the  work- 
ing area  is  approximately  0'65  watts  per 
square  foot.  Supplementary  lamps  in 
parabolic  reflectors  are  used  to  illuminate 
the  distribution  board,  a  glimpse  of  which 
is  seen  at  the  side  of  the  illustration. 

The  second  view  refers  to  the  Unit  and 
Erecting  Shop,  where  general  lighting  is 
again  employed.  The  illustration  shows 
the  need  of  free  space  for  the  manipulation 
of  vehicles  and  uniform  illumination  over 
the  floor,  which  is  provided  by  lighting 
units  at  a  height  of  24  feet. 

Other  large  interiors  are  devoted  to 
stores,  vehicle  equipment  and  testing, 
lorry  shelters,  etc.  In  the  machine  shops, 
owing  to  the  fact  of  the  area  being 
mainly  occupied  by  lathes,  with  belting, 
etc.,  the  lighting  approaches  more  nearly 
a  condition  intermediate  between  local 
and  general  lighting,  lamps  being  at 
heights  of  11  and  16  feet  according  to 
the  nature  of  the  work,  and  illuminations 
of  3  foot-candles  over  gangways  and 
7  foot -candles  over  lathes,  machines,  etc. 
The  whole  Depot  presents  an  interesting 
example  of  modern  lighting  with  gas- 
filled  lamps,  and  the  methods  adopted 
would  enahle  the  sheds  to  be  easily 
converted  to  other  uses. 
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THE    LIGHTING    OF     A    LARGE 
DRAPERY    STORE. 

The  large  London  stores  have  usually 
been  amongst  the  first  to  take  advantage 
of  improved  methods  of  lighting,  and  many 
have  recently  revised  their  arrangements 
in  view  of  the  introduction  of  the  gas- 
filled  lamp. 

We  are  indebted  to  the  General  Electric 
Co.,  Ltd.,  for  the  accompanying  illustra- 
tions of  the  premises  of  Messrs.  Stags  and 
Mantle,  of  Leicester  Square.  Practically 
the  whole  of  these  premises,  it  is  stated. 
are  lighted  by  Osram  gas-filled  lamps  in 
conjunction  with  either  diffusing  spheres 
or  semi-indirect  bowl  fittings  equipped 
with  "  Equiluxo  "  glassware. 

The  two  illustrations  on  the  opposite 
page  show  views  of  Bootwea  r  and  Millinery 
Departments. 

THE    A.C.    POINTOLITE. 

A  device  for  running  30  c.p.  and 
100  c.p.  Pointolites   on  A.C.  circuits   of 

any  voltage  or  frequency  has  just  been 
completed  in  the  Ediswan  Lamp  Labora- 
tories. 

The  device  consists  of  a  small  trans- 
former and  ballast  resistance  coupled 
with  a  small  synchronously  driven  com- 
mutator. The  commutator  is  started  by  a 
slight  twist  with  the  ringer.  Both  half 
waves  of  the  A.C.  current  are  rectified  by 
the  commutator  and  the  arc  is  thus  fed 
with  a  unidirectional  current  pulsating 
with  double  the  frequency  of  the  supply. 

The  device  is  compact,  being  only 
7  in.  by  5  in.  by  12  in.,  and  is  simple 
and  reliable  in  its  working  ;  it  has  the 
further  advantage  of  being  applicable  to 
other  uses  where  a  recti  tier  of  small  power 
is  used  in  small  cell  charging  or  electro - 
lyt  ic  work. 

This  device  will  be  on  the  market 
shortly.  Experiments  are  being  conducted 
for  the  purposes  of  adapting  the  device  to 
Pointolites  of  500  c.p.  and   1000  c.p. 

"SAFETY  FIRST." 

Ujstder  the  above  title  the  British  In- 
dustrial Safety  is  now  issuing  a  monthly 
four-page  leaflet.  The  first  issue,  for 
October,  contains  a  series  of  brief 
quotations  from  papers  read  at  the 
recent  conference  at  Olympia,  and  short 
readable  notes  emphasising  simple  pre- 
cautions necessary  in  the  interests  of 
safety. 


ENGLISH     ELECTRIC     AND     SIEMENS 
SUPPLIES,   LIMITED. 

We  are  informed  that  an  amalgamation 
has  been  completed  between  English 
Electric  Supplies, limited, and  the  Lamp 
and  Supplies  Department  of  Messrs. 
Siemens  Brothers  &  Company.  Limited, 
and  as  from  November  1st,  1920,  the 
business  will  be  carried  on  under  the 
title  of  English  Electric  and  Siemens 
Supplies,  Limited.  I  Registered  Office  : 
Brook  House,  191-2,  Tottenham  Court 
Road.  London.  W'.l.) 

The  Supplies  Department  with  show- 
rooms and  -tores  at  38  and  39,  Upper 
Thames  Street,  London,  E.C.2,  will  be 
retained  and  all  orders  and  business  in 
connection  therewith  will  be  dealt  with 
from  that  addrc--  as  heretofore.  The 
same  staff  will  be  retained  both  in 
London  and  Branch  Offices.  The  busi- 
ness <>f  both  companies  will  be  conducted 
On  the  same  lines  as  formerly  and  with 
the  same  products,  with  the  addition 
of  new  electrical  devices  to  be  shortly 
placed   upon  the  market. 

All  orders  unexecuted  and  all  obliga- 
tions entered  into  by  English  Electric 
Supplies,  Limited,  will  be  carried  out 
by  English  Electric  and  Siemens  Supplies, 
Limited. 


PERSONAL. 

We  understand  that  Mr.  H.  J.  Read, 
M.I.E.E.,  who  severed  his  connection 
with    Messrs.    Edmundsons'    Electricity 

Corporation  in  March  last,  after  a  service 
of  over  thirty  years,  has  joined  forces 
with  Mr.  H.  J.  Butcher.  A.M.I.E.E.,  and 
Mr.  W.  J.  Bransom,  A.M.I.E.E.,  both  of 
whom  were  on  the  staff  of  Messrs. 
Edmundsons  for  thirty  and  twenty  years 
respectively,  and  with  Mr.  D.  Dunham. 
B.Sc,  recently  in  the  service  of  the 
British  Thomson  Houston  Co. 

Under  the  title  of  Read  &  Partners,  Ltd.. 
they  are  specialising  in  electrical  instal- 
lations for  country  houses,  farm  works. 
etc.  They  have  now  established  their 
permanent  address  at  53,  Victoria  Street. 
Westminster.  S.W.I,  where  all  communi- 
cations should  be  addressed. 

Mr.  das.  Grarnett,  who  was  for  ever 
thirty  years  with  Messrs.  Edmundsons, 
has  joined  the  staff  of  the  new  company. 
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Fig.  1.  —  Bootwear  Department  of  Messrs.  Stagg  and  Mantle, 
Leicester  Square. 


Fie  2.     Millinery  Department   of  Messrs.  Sta<_r<_r  and  Mantle. 
Leice?ter  Square. 


The   Lighting  of  a  Large   Drapery  Store. 
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A     VISIT    TO    THE    ELASTA    LAMP    WORKS    OF    POPE'S     ELECTRIC    LAMP 

COMPANY. 


On  Monday,  December  6th,  a  visit  of  the 
Press  took  place  to  the  Elasta  Lamp 
Works  of  Pope's  Electric  Lamp  Co.,  Ltd., 
at  Willesden.  It  may  be  recalled  that 
these  works  were  started  in  1904  by 
Mr.  F.  R.  Pope,  originally  on  a  small 
scale,  but  have  been  gradually  extended 
to  their  present  size  in  order  to  accommo- 
date new  machinery  and  additions  to  the 
staff. 

The  visitors  were  afforded  an  oppor- 
tunity of  witnessing  the  operations 
throughout  the  entire  works,  where 
carbon  filament,  vacuum  metal  filament 
and  gas-filled  ("  half  -watt  "J  lamps  are 
all  manufactured.  The  firsl  operation 
inspected  was  the  treatment  of  the 
molybdenum  oxide  which  furnishes  the 
supports  for  the  filament  ;  this  is  reduced 
to  a  grey  powder  in  the  electric  furnace 
and  is  then  pressed  into  square  rods, 
sintered,  hammered  and  drawn  into  wire. 

The  first  stage  in  the  manufacture  of 
the  lamp  proper  is  the  division  of  the 
glass  tubing  into  statable  lengths  by 
circular  saws,  after  which  the  flanges 
are  formed  and  the  piece  is  ready  to 
receive  the  platinum  leading  in  wires. 
"  Foot-building,'*  the  next  process,  con- 
sists in  making  the  studs,  and  inserting 
the  top  and  bottom  supports  for  mounting 
the  tungsten  filament,  to  which  the 
correct  shape  is  given  by  formers. 

The  bulbs  are  washed  and  dried  and 
sent  to  the  "  stemmers,''  who  attach  to 
each  bulb  a  hollow  stem  of  glass  by  which, 
at  a  later  stage,  the  air  is  exhausted. 
The  filaments  are  sealed  in  by  special 
automatic  machines  and  the  lamp  is 
now  ready  for  examination,  so  that  any 
possible  defective  specimens  may  be 
rejected,  prior  to  exhaustion  of  the  bulbs. 
The  production  of  the  vacuum  involves 
pumping  in  rough  and  fine  stages,  the 
perfection  of  exhaustion  being  tested  by 
an  induction  coil.  A  further  test  is  the 
flashing  of  the  filament  after  which  the 
lamp  is  sealed  off,  and  dispatched  for 
another  inspection,  ultimately  being 
examined  in  the  photometer  room  where 
they  are  classified  in  the  proper  category 
of  voltage  and  wattage. 


Lamps  are  now  capped,  a  special  non- 
hygroscopic  cement  being  used,  and  after 
a  final  examination  are  etched  with 
the  name  of  the  firm  and  the  usual  details 
on  the  bulb;  they  are  then  ready  for  the 
packing  department. 

The  treatment  of  the  gas-filled  lamp 
is  in  many  respects  similar,  but  the 
tungsten  wire  for  the  filament  is  in 
this  case  "  spiralised "  on  a  special 
machine  and  is  also  mounted  in  the  bidb 
in  a  somewhat  different  manner. 

A  further  difference  is  that,  after 
exhaustion,  the  bull»  are  tilled  with  inert 
argon  gas  —this  being  the  variety  of  gas 
found  best  suited  to  the  smaller  types 
of  "'  half-watt  "'  lamps. 

The  manufacture  of  carbon  filament 
lamps  is  again  different,  one  important 
process  being  the  flashing  of  the  filament 
whereby  a  uniform  and  homogeneous 
surface  is  produced.  Apart  from  the 
standard  types  of  carbon,  vacuum  metal 
filament  and  tungsten  gas-filled  lamps 
special  varieties  for  traction,  ships, 
railways,  etc.,  are  also  manufactured. 

Finally  it  is  of  interest  to  mention  that 
t  he  firm  has  an  excellent  mess-room  for  the 
workers,  and  a  social  chib  attached  to 
the  works,  which  is  much  appreciated. 

After  the  inspection  of  the  works  the 
visitors  were  entertained  to  luncheon 
at  the  Trocadero  Restaurant,  when  an 
address  was  given  by  Mr.  F.  R.  Pope, 
one  of  the  pioneers  in  the  electric  lamp 
industry,  and  a  vote  of  thanks  was  pro- 
posed on  behalf  of  the  visitors  by  Mr. 
L.  Gaster. 


ENGLISH     ELECTRIC     AND     SIEMENS 
SUPPLIES,  LIMITED. 

The  Sales  Department  of  this  Company 
(also  of  Messrs.  Siemens  Brothers  ajid  Co., 
Ltd.),  formerly  trading  at  Central  Hotise, 
New  Street,  Birmingham,  have  removed 
to  new  premises,  and  in  future  their 
address  will  be  : — 

English  Electric    &    Siemens    Supplies 
Limited, 
White  House, 

111,  New  Street, 

Birmingham. 
Telephone  :    Midland   964. 
Telegrams  :    Siemens,  Birmingham. 
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GAS  LIGHTING  WITH  HOLOPHANE  REFLECTORS  IN  A  BOOT  FACTORY. 

By    the    courtesy    of    Holophane,    Ltd..  1ft.    9  in.     above    the    needles    of    the 

we    reproduce    herewith    a    photograph,  machines,  and  2  ft.  6  in.  above  the  work 

taken    entirely    by    the    artificial    light,  on    the    fitter's    table.     A    second    illus- 

showing   the   conditions   of   illumination  tration   shows  the   exact   nature   of  the 


Fkj.    i. — Showing  General  View  of  a  Section  of  a  Boot  Factory  Lighted   by 
Incandescent  Gas  Burners  with  Holophane  Reflectors. 


in  a  boot-factory  at  Northampton,  lighted 
by  gas.  The  room  shown  is  devoted 
chiefly  to  the  interesting  "closing" 
process  in  making  boots,  and  it  is  of 
great  consequence,  not  only  to  provide 
a  particularly  high  illumination,  but  to 
ensure  that  the  lighting  unit  is  in  the 
correct  position  with  regard  to  the 
work.  Accordingly,  special  local  light- 
ing is  provided,  one  unit  to  each  two 
machines.  The  actual  illumination  at 
the  point  of  the  needle  is  14  foot- 
candle,  while  over  the  working  area  of 
the  fitters'  table  12 — 16  foot-candles  is 
provided. 

The  general  view  shows  both  a  number 
of  the  machines  and  a  fitter's  table. 
The  burners  are  of  the  low  pressure 
type,  provided  with  Holophane 
aluminium-covered  reflectors.  The 
centres    of    lighting    units    are    located 


machine,  and  the  position  of  the  lighting 
unit  on  the  right  hand  of  the  worker. 

The  actual  mantles  are  screened  from 
the  direct  view  of  workers,  and  the 
installation  affords  a  typical  example 
of  the  use  of  scientifically  designed 
reflectors  with  gas  burners. 


FlG.  2. — Showing  the    exact    nature     of   the 

Machine  to  be  Lighted.     One  of  the   Lighting 

Units  is  visible  in  the  top  left-hand  corner  of 

the  picture. 
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IMPROVEMENTS    OF    STREET    LIGHTING    IN    THE    WEST    END. 


We  have  recently 
referred  to  the  im- 
provements made  in 
the  lighting  in  White- 
hall and  other  streets 
in  the  vicinity.  We 
have  now  received  from 
t  Ik-  ( ieneral  Elect  ric 
Co..  Ltd..  some  fuller 
pari  iculars  of  the  new 
lighting  units  installed. 
It  i-  stated  thai  I  he 
Charing   Cross  Supply 

Co.     put      in     the     first 

installation  of  open 
1 5  pe  are  lamps  about 
i'(i  years  ago.  These 
were  replaced  later  by 
flame  arcs,  hut  during 

I  he    war    1(1(1  wait    gas- 

fllled  lamps  wen-  sub- 
stituted nit  he  arc  lamp 
cases  as  a  measure  of 
economy.  When  the 
time  came  to  restore 
pre-war  lighting  con- 
ditions it  was  decided 
to  adopt  gas  -  HI  led 
lamps  and  suitable  fittings  as  a  permanenl 
installation. 

The  area  in  which  the  new  system  has 
heen  installed  includes  the  Strand.  St. 
Martin's  Lane,  Northumberland  Avenue, 
Trafalgar  Square,  Leicester  Square,  The 
Haymarket,  Long  Acre  and  part  of 
Charing     Cross     Road     and     Whitehall. 

In  all  122  standards  have  heen  con- 
verted, and  each  one  is  equipped  with 
two  lanterns  each  containing  7.">u  watt 
"  Osram  "  gas-filled  Lamps  and  fittings, 
and  including  a  reflector  in  white  \  itreous 
enamel  and  Holophaue  refractor  globes, 
provision  being  made  for  adjusting  the 
lamp  to  the  correct   focal   position. 

In  order  to  illustrate  the  nature  of 
the  illumination  obtained  leadings  were 
taken  in  Northmnherland  Avenue  where 
the  lamps  are  25  feet  high  and  160  feet 
apart.  The  maximum  illumination  re- 
corded directly  under  the  lamps  is  2-6 
foot-candles,  the  minimum  between  the 
standards  is  0-3  foot -candles  ;  the  diver- 
sity factor  is  thus  8"6,  which  is  regarded 
as  a  very  satisfactory  result. 

The  installation  was  designed  by  the 
Illuminating  Engineering  Department  of 
th>  General  Electric  Co.,  Ltd.,  to  the 
specification  of  Mr.  W.  B.  Thorpe,  Chief 


Fig.  :5.     Night    Photograph,  showing  lighting  conditions  in 
Northumberland  Avenue. 


Engineer  of  the  Charing  Cross  and  West 
End  City  Electricity  Supply  Co..  by  whom 
permission  to  publish  t h  s  descr  pt  i<>n  has 
been  accorded. 

PUBLIC  GAS  LIGHTING  IN 
WESTMINSTER. 
We  observe  that  at  the  meeting  of  the 
Westminster  City  Council  on  September 
I  tit  1  i  a  report  was  presented  dealing  with 
the  public  gas  lighting  contract.  The 
report  menl  ions  t  hat  nut  ice  of  termination 
of  agreement  dealing  with  the  installation 
and  maintenance  of  public  lighting  in 
certain  districts  of  the  city  of  West- 
minster hail  been  received  from  the  Gas 
Light  and  Coke  Co.  In  particular,  excep- 
tion was  taken  to  the  conditions  relating 
to  lamps  giving  a  light  below  the  contract 
minimum  candlepowcr.  Draft  con- 
ditions in  respect  to  the  resting  of  lamps, 
under  which  they  would  be  prepared  to 
continue  the  lighting,  on  the  present 
terms,  w<  re  submitted  by  the  company. 
Should  these  not  be  agreed,  they  would  be 
willing  to  refer  the  question  to  arbitration 
by  an  impartial  lighting  expert.  We 
understand  that  at  a  subsecpient  confer- 
ence a  satisfactory  agreement  was 
arrived  at. 
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Departmental  (Home  Office)  Committee  on  Factory  Lighting,  Resumption  of 

Work  

Diffuse  Reflection  Factors,  Measurement  of.     By  A.  H.  Taylor 

Editorial.     By  L.  Caster     . .  . .  

Electricity,  Applications  of,  in  Cas  Works 

Gas  Fittings  in  New  Houses 

Gas  in  Relation  to  the  Housing  Problem.     By  F.  W.  Goodenough 

Gas,  Influence  of  Quality  on  Burners 

Gas  Showrooms,  Design  of   . . 

Green  Light  in  Glass-Blowing  Works 

Industrial  Lighting  Code  of  Oregon,  U.S.A.,  The 

Industrial  Lighting,  Progress  in 

Roval  Society  of  Arts,  Forthcoming  Lectures      . . 

Spherical  Reduction  Factors  of  Incandescent  Lamps 

Silent  Aerated  Flames 

Standards  for  the  Lighting  of  Interiors 

Topical  and  Industrial  Section 

Ultra- Violet  Light,  Uses  of,  for  Treating  Diseases  of  the  Eye 
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SPECIAL    NOTICE. 


Combined. Oct.-Nov.-Dec,  1920  Issue. 

The  Illuminating  Engineer,  in  common  with  other  technical  journals, 
experienced  difficulties  in  maintaining  the  regular  issue  of  numbers  during  certain 
periods  of  the  war.  Although  it  was  fortunately  found  possible  to  maintain  con- 
tinuity of  work,  delays  and  interruptions  occasionally  occurred,  with  the  result 
that  ultimately  the  month  indicated  on  the  covers  of  numbers  fell  behind  the  actual 
date  of  publication. 

This  discrepancv  has  given  rise  to  inconvenience,  and  at  the  request  of  some 
of  our  supporters  we  have  decided  to  remove  the  anomaly  by  combining  the  final 
three  months  of  this  year  in  one  issue  (forming  the  twelfth  number  actually  issued 
in  1920),  together  with  the  index  for  the  year. 

We  believe  that  the  opportunity  thus  afforded  of  bringing  this  issue  of  the  journal 
more  up  to  date  will  be  appreciated  by  advertisers  and  subscribers  as  an  arrange- 
ment of  mutual  benefit,  and  in  the  near  future  the  actual  date  of  issue  will 
accordingly  correspond  with  the  month  marked  on  the  cover. 
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"  INCANTO  "  ACETYLENE  LIGHTING. 

As  is  well  known,  acetylene  was  very 
largely  used  during  the  war  for  welding 
operations,  and  for  portable  lamps  used 
in  camps  and  field  hospitals.  .Meantime, 
the  development  of  this  system  of  lighting 
for  country  houses,  etc.,  was  naturally 
checked  by  these  urgent  demands  for 
war  work.  With  the  resumption  of  more 
normal  conditions,  however,  there  should 
he  good  opportunities  for  progress  in  this 
field,  and  we  are  interested  to  see  that 
leading  firms  are  taking  Steps  in  this 
direction.     A  <;*.-••  in  point  was  afforded  by 

the  [deeJ  Home  built  on  the  north  terrace 

of  the  Crystal    Palace,   which  was   lighted 
by  the  "'  Incanto  "  acetylene  Bystem. 


SIR  ISAAC  PITMAN  AND  SONS,  LTD. 
New  Address. 
Sir  Isaac  Pitman  and  Sons,  Ltd.,  the 
well-known  publishers  of  scientific, 
technical  and  commercial  text  book-. 
have  removed  to  new  premises  at  39-41, 
Parker  Street,  Kingsway,  W.C.  and  the 
firm  has  issued  a  booklet  describing  the 
progress  of  the  company.  It  will  he  re- 
called  that  the  firm  of  Whittaker  and  Co. 
was  recently  incorporated,  and  other 
businesses  have  since  been  acquired. 
During  a  recent  visit  we  had  an  oppor- 
tunity of  judging  the  commodious  nature 
of  the  new  premises,  and  admiring  the 
fine  library  in  Adam  style  (which  we 
understand  is  to  he  lighted  by  semi- 
indirect    methods). 

An  invitation  is  extended  to  teachers, 
authors,   booksellers,   etc.,   to   call   at   the 

new      office-. 


THE  "  CITY"  LANTERN. 

We   have   received   from    the    General 

Electric  Co.,  Ltd.,  some  particulars  of 
the  •'  City  "  Lantern,  which,  it  is  stated, 
has  been  widely  used  for  street  lighting. 
and  in  railway  goods  yards,  stations, 
colliery  siding-,  shipbuilding  yards,  and 
other  open  spaces. 

The  lantern  was  designed  to  embody 
the  following  characteristics:  (1)  a  wide 
distribution  of  light  :  (2)  facilities  for 
easy  adjustment  ami  cleaning;  (3)  effi- 
cient ventilation  ;  (4)  watertight  and 
substantial  construction  ;  (5)  handsome 
appearance. 

The  reflecting  surface  is  of  white 
vitreous  enamel  and  can  lie  easily  cleaned, 
and  a  special  ratchet  device  is  provided 
to  insure  that  the  position  of  the  lamp 
can  be  easily  adjusted  to  the  correct 
focal  position.  Special  attention  has 
also  been  paid  to  adequate  ventilation. 
Lamps  can  he  supplied  with  clear  flint 
or  opalescent  glasses,  and  a  modified  form 
to  take  Holophane  refractors  has  also 
been  produced. 


VERITAS  MANTLES. 

A  recent  catalogue  (No.  459)  issued  by 
Messrs.  Kalk,  Stadelmann  and  Co.,  Ltd.. 
deals  with  upright  and  inverted  mantles 
of  various  types  and  qualities.  It  is 
interesting  to  note  that  types  of  mantles 
are  provided  for  petroleum,  spirit,  petrol 
air  gas  and  acetylene  incandescent  Lamps, 
as  well  as  for  high  and  low  pressure  gas 
lighting.  It  is  pointed  out  that  these 
mantles  are  made  by  British  labour  at 
the  Company's  works  at  Wandsworth. 


DEPARTMENT  OF  SCIENTIFIC   AND 
INDUSTRIAL  RESEARCH. 

It  is  announced  that  a  licence  ha-  been 
issued  to  the  British  Motor  Cycle  and 
Cyclecar  Research  Association,  which 
has  been  approved  by  the  Department  as 
complying  with  the  conditions  laid  down 
in  the  Government  scheme  for  the  en- 
couragement of  industrial  research.  The 
Association  may  he  approached  through 
Major  H.  H.  Waffling,  'The  Towers," 
Warwick    Road,  Coventry. 


A  licence,  under  Section  20  of  the 
Companies  (Consolidation)  Act,  1903, 
has  been  issued  by  the  Board  of  Trade 
to  the  following  Research  Associations 
which  have  been  approved  by  the  Depart- 
ment as  complying  with  the  condition- 
laid  flown  in  the  Government  Scheme  for 
the  encouragement  of  industrial  re- 
search :  — 

The  British  Silk  Research  Association 
(Secretary  :  A.  P.  Hall.  Esq.),  Kingsway 
House,  Kingsway,  London,  W.C. 

The  British  Music  Industrial  Research 
Association,  which  may  be  approached 
through  Dr.  H.  S.  Clay,  Northern  Poly- 
technic Institute.  Holloway,   London.  X. 

Sir  John  Francis  Cleverton  Snell. 
Member  of  Council  of  the  Institution  of 
Civil  Engineers  and  Past  President  of  the 
Institution  of  Electrical  Engineers,  has 
been  appointed  by  an  Order  of  Council 
dated  the  2.'5rd  day  of  November,  1920. 
to  he  a  member  of  the  Advisory  Council 
to  the  Committee  of  the  Privy  Council 
for  Scientific  and  Industrial  Research. 
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